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Let’s  build  the 
Space  Station.  It’s 
their  future 


Surveyor  (7  flights) 
Mariner  Mars  (4  flights) 
OAO  (3  flights) 

Pioneer  F (1  flight) 
Pioneer  G (1  flight) 


Mariner  Venus  Mercury  (1  flight) 
Helios  A (1  flight) 

Viking  A (1  flight) 

Viking  B (1  flight) 

Helios  B (1  flight) 


Voyager  2 (1  flight) 
Voyager  1 (1  flight) 
Pioneer  Venus  (2  flights) 
HEAO  (3  flights) 


General  Dynamics’  Centaur  High  Energy  Upper  Stage  has  flown  28  historic 
lunar,  planetary  and  astronomy  missions  for  NASA  as  part  of  its  decades  of  distinguished 
and  reliable  service. 

Today,  the  Nation  embarks  on  additional  missions  to  utilize  those  historic  path- 
ways. In  partnership  with  NASA  and  the  Jet  Propulsion  Laboratory,  Centaur’s  unprece- 
dented record  and  its  continuing  evolution  - 

to  new  technological  standards  will  ensure  GENE  RAL  DYN AIV/I I C5 
that  history  will  continue  to  repeat  itself.  A Strong  Company  For  A Strong  Country 


THE  FOLLOWING  MESSAGE  IS  ONLY  FOR  THOSE  WHO  BREATHE  AIR 


"THE  POliimON  CLEANER” 

For  all  diesel  engines 


Washington,  DC  6 November  1989 

Average  reductions  in  pollutants  measured  during 
Washington  Metropolitan  Area  Transit  Authority  tests  of  two 
buses,  one  locomotive,  and  one  generator  were  its  follows: 

Black  Smoke  (Opacity)  75% 

Nitrogen  Oxides  (NQJ  53% 

Carbon  Monoxide  (CO)  52% 

Hydrocarbons  (HC)  56% 

The  benefits  of  the  Pollution  Cleaner  are  the  virtual 
elimination  of  noxious  fumes  and  eye  irritation  normally 
produced  by  diesel  engines  resulting  in  a safer,  healthier,  and 
more  tolerable  environment. 


The  Pollution  Cleaner  is  used  to  inject  a catalytic 
solution  consisting  of  microscopic  amounts  of  platinum, 
rhenium,  and  rhodium  directly  into  the  engine  via  the 
incoming  air  intake.  All  benefits  result  from  the  simple  tact 
that  the  Pollution  Cleaner  causes  a more  complete  burning  of 
the  diesel  fuel  by  controlling  the  combustion  timing,  which 
increases  engine  efficiency,  reduces  harmful  exhaust 
pollutants,  and  eliminates  destructive  engine  carbon  buildup. 
This  product  requires  no  modification  to  the  existing  engine 
and  can  be  installed  in  30  minutes  or  less. 

Jested ! Proven!  Over  L5  million  miles  in  Albuquerque, 
NM  (Sun  Tran),  County  of  Los  Angeles  (Sheriffs  Buses),  City 
of  Santa  Fc,  NM,  and  others  prove  reduced  operating  and 
maintenance  costs. 


AVAILABLE  NOW! 

Write  to:  Technologies,  Ltd.  bP.O.  Box  25324  ■ Albuquerque,  New  Mexico  87125 
Phone:  (505)  243-8300  ■ FAX:  (505)  247-1875 
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space  exploration  worth  (he  cost?  See  (he 
article  on  page  (8.  (Cover  photo  &y 
Andrew  Chgtkipf inset  photo  courtesy 
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From  The 
Publisher 


Money,  money,  money,  money. 

A coule  of  months  ago  I asked  your  help  in  solving  a problem— 
possibly  the  most  important  one  facing  our  space  program  today. 
Namely,  how  are  we  going  to  pay  for  it?  In  times  of  volatile  federal 
budgets,  the  idea  was  to  come  up  with  creative  financing  schemes  to 
help  pay  for  future  exploration  efforts. 

Some  of  you  proposed  a box  on  the  federal  tax  form  that  people 
could  check  if  they  wanted  to  give  a dollar  to  space. 

Others  suggested  “space  bonds" — an  idea  that  actually  has 
been  discussed  from  time  to  time  in  Congress. 

Another  person  thought  we  could  sell  name-listings  on  a plaque  or 
a document  that  would  be  left  on  the  Moon  or  Mars.  I guess  it  would  be 
the  “next  best  thing  to  being  there." 

More  ambitious  would  be  the  new  space  agency  proposed  by  one 
reader — an  entirely  commercial,  privately  owned  consortium  of 
American  aerospace  companies,  and  perhaps  those  of  other  nations 
as  well. 

On  the  wilder  side,  there  was  a proposal  for  a Pacman-like,  real-life 
space  game  where  players  would  lease  time  on  “sweeper"  satellites, 
with  the  object  being  to  collect  the  most  space  debris  in  Earth  orbit. 
And  one  reader  suggested  that  the  Japanese  might  be  interested  in 
flipping  the  bill  for  orbiting  colonies  if  a space  golf  course  or  two  were 
thrown  in  the  deal  as  a kicker. 

A motif  that  ran  through  nearly  all  the  letters  was  the  desire  to 
invest  in  or  contribute  to  the  space  program.  It  wasn’t  long  ago  that 
kids  across  the  country  saved  their  pennies  and  raised  almost 
$300,000  to  help  NASA  build  a new  orbiter.  That’s  hardly  enough  for  a 
whole  space  program,  but  if  it  were  done  on  a grand  scale,  world- 
wide, who  knows  what  could  be  accomplished? 

As  James  Oberg  points  out  in  his  essay  beginning  on  page  18, 
Americans  are  no  longer  alone  in  their  struggle  to  justify  the  cost  of 
space  exploration.  Mother  Russia  is  now  having  to  face  the  same 
questions  about  “cost  effectiveness"  that  NASA  has  been  hearing 
since  the  days  of  Apollo. 

If  Soviet  space  officials  are  having  a difficult  time  explaining  them- 
selves to  their  people,  perhaps  they  should  give  cosmonaut  Valentin 
Lebedev  a voice  (see  “The  Observatory,"  page  8).  A veteran  space 
traveler,  Lebedev  knows  exactly  what  value  space  exploration  brings 
to  humanity,  and  he  does  a very  good  job  of  reminding  us  why  we  do  it 
in  the  first  place. 

As  we  begin  the  1990s,  the  time  has  come  to  start  breaking  down 
some  of  the  national  boundaries  separating  the  world’s  space  pro- 
grams. When  the  politics  are  right,  whenever  possible,  we  should  join 
our  efforts  to  save  money,  not  only  with  the  Soviets  but  with  every 
space-faring  nation.  Maybe  we  could  start  with  American  astronauts 
doing  experiments  on  Mir  and  cosmonauts  flying  on  the  shuttle? 

Few  people  think  that  any  one  country  can  afford  to  go  to  Mars 
alone.  So  if  we  make  the  journey  together,  sometime  in  the  next  cen- 
tury, it  will  probably  owe  as  much  to  the  accountants  as  to  the 
diplomats. 
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TOBOLDLYGO 


WHERE  NO  MAN 


HAS  GONE  BEFORE: 


Aglow  with  24-  ka  rat  gold 
e lectio  plate  and  spa  Miring  with 
crystals,  the  Starship  Enterprise 
la  shown  smaller  than  actual  a lie 


of  approximately  10  In  length. 


The  first  pewter  re-creation  ever  author- 
ized by  Paramount  Pictures  of  the  most 
famous  starship  of  all  time. 

The  Starship  Enterprise."'  Symbol  of  the  eternal 
quest  to  explore  new  worlds. 

Now,  the  starship  that  carried  Kirk,  Spock 
and  Uhura  to  the  far  reaches  of  the  Galaxy  can 
be  yours.  Announcing  the  first  fully  authorized 
pewter  re-creation  of  the  starship  that  has 
inspired  millions. 

AUTHORIZED  BY  PARAMOUNT  PICTURES. 


Precisely  reproduced  with  assistance  from 
STAR  TREK  - creator  Gene  Roddenberry, 
Sculptured  and  handcrafted  inline  hand- 
finished  pewter.  The  main  sensor  and  navi- 
gational deflector  glow  with  24-karat  gold 
electroplate.  The  top  propulsion  units  blaze 
with  fiery  red  crystal  cabochons. 

Available  only  on  planet  Earth,  and  only  from 
The  Franklin  Mint. 

Priced  at  $195. 

authenticated  by  gene  roddenberry. 


The  Franklin  Mint 

Franklin  Center,  Pennsylvania  19091 

Yes.  I want  to  take  advantage  of  the  unprecedented  opportunity 
from  Paramount  Pictures  to  acquire  the  only  authorized  and  fully 
authenticated  pewter  replica  of  the  Starship  Enterprise"  The 
reproduction  is  hand-cast  in  fine  imported  pewter,  hand-chased 
and  hand-rubbed  to  a classic  patina,  and  accented  with  crystals 
and  24-karat  gold. 

I need  send  no  money  now,  I wilt  be  billed  for  my  deposit  of 
$30-*  prior  to  shipment  and  then  in  4 equal  monthly  installments 
of  $30.*  each,  after  shipment. 

■Plu(  my  $u;t  wlei  Ui  arw  a tout  V 13  ihiUp'ffl  and  HanSing. 


ORDER  FORM 


A JVhimuw  LMiiriBiHiitiTcr-  L'.*i^xur- 

J)  i99Q  Paramount  Piclures, 

All  Rights.  BeMrved . STAR  TREK. 

U.S.  S.  £ rUL’rp.fjst1,  and  "Ta  Boldly  GO  Where 
No  -Man  Has  Cone  Before-"  are  Trademarks  of 
Paramount  Pitlures. 


Please  mail  by  February  28. 1990. 


Signature 
Mr. /Mrs. /Miss 
Address 


ALL  ORDERS,  AflE  &UBj£Cr  TO  ACCEPTANCE 


FUA5E  PRINT  CtEARLV. 


City,  State,  Zip 

12135-  50 

Each  replies  of  the  Starship  Enterprise  is  accompanied  by  a Certificate  of 
Authenticity  with  Gene  Roddenberry s signature. 


rg/i/TH 


^TgMjrH 

TURBOSPORT  386 
PORTABLE  LAPTOP 
COMPUTER 


*386 
40  UK* 

Vd, 

nrWe' 


■ - 


-y. 


• 80386  32-bit  processor,  12/6  MHz  (switchable). 

• 40  MB  (28ms)  hard  drive. 

• One  3.5"  1 .4  MB  floppy  disk  drive. 

• 2 MB  RAM.  • 100%  IBM  compatible. 

• "Page-White"  flourescent  backlit  LCD  display, 
10.5"  viewing  area.  • MS-DOS  3.21  included. 

• Supports:  MS  OS/2  version  1.0,  Xenix,  and 
also  Microsoft  Windows/386  environments. 

• Zero  wait  state. 

• Socket  for  80387  numeric  co-processor. 

• Internal  Hayes  2400  baud  modem. 

• Serial  and  parallel  printer  ports. 

• Resolution:  640  x 400  pixels. 

• 79-key  full  function  detachable  keyboard. 

• Real  time  clock  and  calendar.  • AC  adapter 

• “Fast"  charge  NiCad  battery  pack  included. 

• Dim.:  13.25"W  x 14.75"D  x 4.75"H. 

•Weight:  14.7  lbs. 

• One  Year  Warranty! 


factory  t 


Due  to  a special  ar- 
rangement, we 
were  able  to  obtain 
a large  inventory  of 
these  portable  com- 
puters. As  a result, 
we  can  now  offer 
them  to  you  at 
HUGE  SAVINGS! 


$ 


Manufacturer's 
Suggested  Retail 

$8,499.00 


DAMARK  PRICE: 


2999 

Item  No.  B-1 536- 128686 
Insured  Ship/Hand.:  $19.00 

FOR  FASTEST 
SERVICE  CALL 
TOLL  FREE 

1-800-729-9000 


VISA 


RUSH  DELIVERIES  ONLY 
$6.95  plus  normal  S/H.  Ask  an 
operator  to  "SHIP  IT  FED  EX® 
Delivery  Service!" 


DAMARK  INTERNATIONAL,  INC. 

6707  Shingle  Creek  Parkway.  Minneapolis,  MN  55430 
Customer  Service  • 612-566-4940 

Please  rush  me: Zenith  Laptop 

Computer(s)  @ $2999  each,  plus  $19.00 
s/h  each.  MN  res.  add  6%  sales  tax. 


City.State.Zip  _ 


□ Check/MO  □ VISA  □ Master  Card  □ Discover 

Card  No 

Exp.  Date  _ 

Signature  - 


Ph.  # ( )_ 


Item  No.B-1 536-1 28686 


Grand  Missions 

In  his  "Observatory"  article  (July 
1989),  Eugene  Cernan  aptly  empha- 
sized the  need  for  concrete,  specific 
objectives  for  our  space  program  to 
flourish.  However,  he  seems  to  be  living 
still  in  his  glorious  “Buck  Rogers"  days 
of  the  Apollo  program  in  urging  the  set- 
ting of  a "manned"  Mars  mission  as  our 
goal.  The  U.  S.  and  the  world  have  come 
a long  way  from  the  ’60s  and  early  70s. 
Space  is  no  longer  a romantic  crusade. 
We  understand  the  costs  better,  and 
have  a better  sense  of  our  fiscal 
limitations. 

But  we  are  also  better  able  to  esti- 
mate our  opportunities  and  our  true 
interests.  U.S.  space  efforts  will  go 
nowhere  beyond  military  objectives 
unless  we  make  space  pay  off  eco- 
nomically. That  means  developing 
industries  and  solar  power  satellites, 
and  developing  the  resources  of  the 
Moon.  It  means  creating  habitats, 
which  will  demand  huge  feats  of  plan- 
ning, engineering  and  finance,  and 
probably  inter-governmental  coopera- 
tion. Mr.  Cernan  could  hardly  ask  for  a 
more  daunting  challenge. 

But  if  he  really  believes  we  need  a 
grand  space  mission,  one  that  would 
appeal  to  more  than  a few  macho  ado- 
lescents, let’s  set  as  our  goal  the 
development  of  solar  power  satellites 
that  will  eliminate  dependence  on  fos- 
sil fuels  and  dangerous  nuclear 
reactors.  We  can  enormously  reduce 
pollution  that  sullies  the  environment 
and  endangers  our  health.  We  can 
reduce  the  risk  of  a radioactive  disaster 
such  as  Chernobyl,  and  may  be  able  to 
ameliorate  the  greenhouse  effect.  Fur- 
thermore, we  could  seek  ways  to  move 
to  Earth  orbit  those  industries  that  are 
fouling  our  air,  water  and  soil,  which  are 
leaving  a deadly  legacy  for  future 
generations. 

These  are  concrete  objectives  on  a 
grand  scale  that  can  actually  make  a 
real  difference  in  the  lives  of  people 
everywhere,  as  a Mars  mission  cannot. 
And  they  will  draw  on  our  greatest  tech- 
nological skills  and  demand  the 
ultimate  in  courage.  The  problem  with 
the  national  goal  of  a Mars  mission — 


no  matter  how  far  out  in  the  future— is 
that,  to  be  believable,  major  steps  must 
be  taken  soon  to  achieve  it. 

Such  steps  will  be  costly  and  will 
drive  out  more  worthy  and  immediate 
objectives.  There  is  no  magic  in  the 
Mars  mission,  for  after  that  there  is  the 
asteriod  belt,  the  moons  of  Jupiter,  the 
moons  of  Saturn,  and  so  on.  The  Mars 
mission  is,  in  truth,  an  illusion  and  not  a 
panacea  for  our  space  program.  When 
you  begin  to  tote  up  its  costs  and  the 
possible  benefits,  see  how  rapidly 
Congress  loses  interest  in  the  space 
program. 

D.  Allen  Meyer 
Phoenix,  Arizona 

Firestarter 

With  regard  to  Patrick  Kelly’s  letter  to 
the  editor  about  the  "Face  on  Mars" 
controversy  (August  1989)... 

Public  interest  in  Mars  was  all  but 
completely  dead  after  the  Viking  land- 
ings in  1976,  when  space  scientists  on 
that  project  announced  they  did  not 
find  life  on  Mars.  I think  that  mission  did 
more  to  kill  public  support  for  planetary 
exploration  than  anything  else,  and  we 
are  still  seeing  the  lasting  effects  of  it 
today.  It  was  announced  back  in  1962 
that  the  purpose  of  planetary  explora- 
tion was  to  search  for  possible  extrater- 
restrial life  on  the  other  planets  of  the 
Solar  System.  When  [the  scientists]  did 
not  find  any,  gone  right  there  was  one  of 
our  biggest  reasons  for  wanting  to  go  to 
the  planets. 

From  that  time  on,  this  part  of  our 
space  program  has  been  in  suspended 
animation.  Any  evidence,  however  faint, 
that  might  show  up  indicating  there 
perhaps  once  was  an  intelligent  civili- 
zation on  Mars-and  that  includes  Hoag- 
land’s  "face’’-would  do  more  than 
anything  to  rekindle  public  interest  in 
exploring  this  planet  with  both  un- 
manned and  manned  landings.  I 
believe  this  is  where  the  interest  of  the 
public  lies  in  space  exploration,  par- 
ticularly planetary  exploration,  and  only 
something  like  that  will  set  them  on  fire 
about  it  again. 

Daniel  Louderback 
South  Bend,  Washington 
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APOLLO  11 20th  ANNIVERSARY 
A Benefit  For  The  Challenger  Center 


COMMEMORATIVE  LITHOGRAPH  OFFERING 
Autographed  By 

BUZZ  ALDRIN  AND  MICHAEL  COLLINS 


It  has  been  almost  500  years  since  the  last  great  epic  adventure  - the  discovery  of  the  new  world  by  Christopher 
Columbus  in  1492.  On  July  20, 1989,  we  celebrated  the  20th  Anniversary  of  the  greatest  adventure  - the  setting  foot 
not  only  on  a new  world,  but  on  another  world.  With  the  landing  of  Apollo  11  Eagle  on  the  moon  in  the  Sea  of 
Tranquility  July  20, 1969,  Man  for  the  first  time  broke  his  earthly  ties  and  truly  stepped  out  into  the  universe  - “one 
small  step  for  man,  one  giant  leap  for  mankind.” 


In  celebration  of  mankind's  greatest  and  most  significant  achievement,  two  Apollo  11  astronauts,  Michael  Collins 
and  Edwin  “Buzz”  Aldrin,  and  the  artist,  James  R,  Cooper,  have  come  together  to  sign  historic  limited  edition 
lithographs  commemorating  this  great  event,  both  printed  on  the  highest  quality  acid  free  archival  stock  paper.  Thus,  a 
unique  time  valued  masterpiece  is  created,  suitable  for  framing,  and  certain  to  be  cherished  for  generations  by  those 
with  a profound  sense  of  national,  if  not  international,  pride  with  regard  to  space  exploration. 

Each  lithograph  will  be  individually  numbered,  beautifully  and  authentically  reproduced  in  vivid  four  colors.  It  is  also 
authenticated  by  a certified  notary  public.  Lithographs  are  unframed.  Allow  6-8  weeks  for  delivery.  Quantity  is  limited 


and  orders  will  be  filled  on  a first  come  first  served  basis. 


The  first  lithograph  will  he  signet!  by  Buzz  Aldrln  a member  of  the  first 
ciew  to  set  foot  on  the  moon.  It  has  been  said  that  if  there  ever  was  a 
reason  to  go  to  the  moon  for  this  nation,  nothing  more  important  could 
be  brought  back  to  earth  than  the  famous  photograph  taken  by  Neil 
Armstrong  of  Buzz  Aldrin. 


Postage  date  stamp  will  govern. 


Prior  to  this  historic  mission,  James  R.  Cooper,  a NASA  artist,  was 
commissioned  to  execute  a design  conceived  by  command  module 
pilot,  Michael  Collins,  which  represented  Americas  symbolic  Bald 
Eagle,  landing  triumphantly  on  the  moon's  surface  with  an  olive  branch 
held  gently  in  iLs  talons  - “We  came  in  peace  for  all  mankind,” 


This  memorable  moment  captured  so  brilliantly  will  he  printed  on 
archival  stock  approximately  21"  x 2b",  Individually  numbered,  and 
signed  by  Buzz  AJklrin.  quantity  is  limited  to  350  only. 


This  historic  first  moon  landing  mission  emblem  will  be  individually 
numbered  and  signed,  by  Michael  Collins  and  James  Cooper,  The 
dimensions  are  approximately  26"  x 26",  Quantity  is  limited  to  350  only. 


The  proceeds  front  this  project,  $375.00  of  each  purchase  is  tax  deductible,  will  benefit  the  Challenger  Center  for  Space  Science  Education,  a 
non-profit  organization  founded  by  the  families  of  the  crew  of  the  peace  shuttle,  Challenger,  after  the  ill-fated  mission.  The  Center  is  dedicated  to 
providing  motivational  tools  including  curriculum,  and  learning  environments  around  the  country  which  will  inspire  our  youth  to  become 
productive  and  technologically  literate  citizens  in  the  21st  Century 


Please  pri  n t 

Yes*  Please  send  me  my  personally  autographed  Buzz  Aid r in  or  Apollo  11  limited  edition  lithograph.  information  dewrty 

For  immediate  consideration  please  call  (703)  683-9740  9-5  eastern  standard  time. 

I wish  to  order Buzz  Aldrin  and/or __  Apollo  1.1  at  $500,00  each  totaling 

$ ( Please  add  $9.50  per  order  for  shipping  and  insurance) 

Circle  method  of  payment:  VISA  MASTERCARD  PERSONAL  CHECK 

Name: _ 

Mailing  Address: 


Credit  Card  Number: — 

Date  of  expiration:  Month , Year 

Signature: 

O 1 am  not  interested  in  obtaining  a lithograph;  however,  please  find  enclosed  my  contribution  to  continue  the  mission  of  the 
Challenger  crew  - to  Imm,  to  explore,  to  Inspire! 


CENTER 

Make  checks  payable  to; 
Chatlenyer  Center 
1101  King  Street,  Suite  190 
Atexa w dria,  Vi  n/  ini a 22214  2 M i 
(To. J)  mi  mo 


The  Observatory 

Humanity’s  New  School 


ecently  we  have  heard  about 
the  concern  the  public  has 
with  how  the  money  allocated  to  space 
technology  is  being  spent.  I’m  sure 
you’ll  agree  that  this  is  the  fault  of  those 
who  work  in  the  space  industry  and 
those  who  publicize  it. 

In  Russia  we  say  that  whatever  you 
sow  you  shall  reap.  So  now  we  reap.  As 
we  developed  space  technology  we 
should  have  been  educating  the 
public.  We  should  have  thought  not 
only  about  the  development  of  technol- 
ogy and  solving  scientific  problems, 
but  also  about  why  the  experiments 
were  being  done  in  the  first  place. 

You  in  the  United  States  may  have 
begun  to  discuss  this  problem  a little 
earlier  than  we  have,  but  it  is  a problem 
for  our  space  program  we  well  as  for 
yours.  People  are  right  in  wanting  to 
know  what  the  money  has  been  spent 
for.  There  is  only  so  much  of  it  to  go 
around.  If  we  overspend  in  one  area, 
there  won’t  be  enough  left  in  others. 

We  must  be  especially  careful  to 
remember  that  aeronautics  and  space 
technology  are  not  ends  in  themselves; 
space  exploration  is  not  just  a new  way 
to  conduct  scientific  experiments.  We 


The  real  reason 
we  send  people  into  space. 

▼ T ▼ 

By  Valentin  Lebedev 

are  opening  up  a new  environment  for 
human  beings.  We  are  not  going  there 
as  tourists,  we  are  going  to  stay,  forever. 

How  many  changes  will  happen  in 
man’s  attitude  and  outlook  when  he 
begins  to  live  in  space!  For  example, 
here  we  are  satisfied  with  low  ceilings 
and  height  limitations.  Our  living  area  is 
two-dimensional.  The  environment  of 
space  is  not  that  of  flat  surfaces,  but  of 
volumes;  it  is  three-dimensional.  We 
can  walk  on  the  ceilings  and  walls. 

Space  changes  human  psychology, 
our  general  outlook  on  the  world,  our 
view  of  Earth,  art,  architecture  and  our 
lives  in  general.  We  have  just  begun  our 
studies  in  this  wonderful  school,  and 
we  will  get  a fine  education.  But  it 
should  not  be  confined  to  a privileged 
few.  This  education  is  also  for  all  the 
people  who  earn  the  money  to  pay  for 
the  development  of  space  technology; 
everyone  involved  in  the  space  indus- 


try should  be  their  teachers. 

Once  we  thought  we  could  do  any- 
thing in  our  own  countries.  Today  we 
understand  that  at  our  level  of  industri- 
alization and  social  development  we 
are  all  united  by  nature,  and  there  is  no 
more  meaning  to  the  words  “mine”  and 
“yours."  We  must  use  a new  word- 
“ours."  When  we  cosmonauts  go  into 
space,  this  word  "ours"  unites  us. 

We  don’t  have  to  be  in  a hurry  to  set 
new  records-who  launches  the  most 
people  and  so  forth.  While  we  are  con- 
cerned with  the  cost  of  space  explora- 
tion, we  should  also  carefully  consider 
those  who  represent  us  in  space. 
Those  who  explore  space  do  so  as  rep- 
resentatives of  their  countrymen  who 
remain  on  Earth.  And  through  the  eyes 
and  minds  of  those  explorers  the  rest  of 
humanity  will  come  to  comprehend 
space. 

Valentin  Lebedev  flew  onboard  the 
Salyut  7 space  station  for  211  days  in 
1982,  and  is  the  author  of  Diary  of  a 
Cosmonaut.  The  above  excerpt  is  from 
remarks  he  made  to  the  26th  Space 
Congress  in  Cocoa  Beach,  Florida  last 
April. 
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JANE  MEYERS 


*This  combination  of  days  and  dates  is  also 
good  for  the  year  1 990,  so  order  yours  NOW! 
this  calendar  is  also  accurate  for  twelve 
future  years  from  2001  through  2103.  Each 
month  you  will  experience  a slice  of  life  in 
each  of  those  future  years,  from  the  first 
Space  Stations  in  2001  to  the  first  Star 
Ships  in  2103.  Enjoy  a Honeymoon  on  the 
Moon,  work  with  the  "Rock  Rats”  in  the 
Boomtowns  of  the  Asteroid  Belt,  and  tell 
your  kids,  "Don’t  slam  the  airlock  on  your 
way  out!” 

Painted  by  many  of  your  favorite  Science  Fiction 
and  Space  Artists,  The  Calendar  for  the  Year 
2001  is  the  Space  Calendar  you’ve  been  wait* 
ing  for!  The  Calendar  features  new  pictures 
created  especially  for  this  project,  printed  in  a 
large  format  (1 2”  x 1 6”  picture  size)  on  heavy 
enamel  stock. 

The  Calendar  for  the  Year  2001  will  make  an 
exciting  addition  to  your  home  or  office,  and 
makes  the  perfect  holiday  gift  (Now  you  can 
SHOW  your  earth-bound  friends  what  their 
future  will  look  like!).  Order  yours  NOW! 


ONLY  $1 1 .95,  plus  $2.00  per  Calendar  for 
shipping  and  handling.  Illinois  residents  add 
7%  sales  tax. 

Make  Check  or  Money  Order  payable  to: 

The  La  Grange  Publishing  Corporation 

345  Spring  Ave.,  La  Grange,  Illinois  60525 
Order  by  Phone  using  Visa  or  Mastercard 
Call  (70S)  482-4321 

or  use  this  handy  COUPON  (PLEASE  PRINT) 

The  La  Grange  Publishing  Corp.  345  8.  Spring  Ave.,  La  Grange,  IL  &U525  a 

NAME [ 

ADDRESS . j 

CITY/STATE/ ZIP 

VISA/M  C Exp.  Date. 

Please  send  me Calendars  ^ $1 1*95  ea.“ $ _ 

1 Illinois  residents  add  7%  sales  tax  

I 

Add  $2*00  per  Calendar 

j for  shipping  and  handling.  = $- — 

Enclosed  is  my  Check/Money  Order  TOTAL=$ 

Order  Early!  Allow  4 weeks  for  delivery. 


The  Calendar  for  the  Year  2001* 


MARGARET  HUBER 


NotesFrom 


BUBBLESATS 

Ithough  it  doesn’t  yet  have  an 
official  name,  its  creator  has 
dubbed  it  the  Lawrence  Welk  Space 
Bubble  Factory. 

Jim  Stevens,  a scientist  at  the  Jet  Pro- 
pulsion Laboratory  tn  Pasadena, 
California,  is  proposing  a technology 
that  he  claims  could  vastly  improve 
communications  on  Earth  and  yet  be 
extremely  cost-effective:  plastic  bub- 
bles in  space  that  together  would  act 
as  a giant  antenna. 

Such  an  improvement  in  communi- 
cations is  needed,  Stevens  says, 
because  the  traditional  radio  fre- 
quency spectrum,  which  accounts  for 
most  communication  on  the  planet- 
AM,  FM,  short  wave  and  micro- 
wave-is  becoming  too  crowded. 

Stevens  would  orbit  a satellite  that 
would,  in  effect,  blow  bubbles  made 
out  of  Kapton,  a high-temperature 
polymer  made  by  Dupont.  The  plastic 
bubbles,  one  inside  another,  would 
have  thin  printed  circuits  on  the  inside 
and  would  be  coated  with  aluminum  on 
the  outside. 

Each  bubble,  which  could  be  no 
more  than  a meter  in  size,  would  be  an 
antenna.  Hundreds  or  thousands  of 
them  together,  says  Stevens,  would 


form  a giant  phased  array  antenna  in 
stationary  orbit. 

Although  he  has  no  figures  on  cost, 
Stevens  says  such  a system  would  be 
relatively  cheap  to  produce  and  could 
be  in  operation  within  a matter  of 
months.  “All  you  would  need  is  an  ordi- 
nary spacecraft  with  acomputer,  a tank 
of  plastic  and  a bubble  machine  similar 
to  the  one  used  by  Lawrence  Welk  on 
his  television  show." 

A large  phased  array  antenna  in 
Earth  orbit  could  separate  communi- 
cations systems  spatially,  thereby  giv- 
ing small  areas  such  as  a city  or  county 
their  own  entire  frequency  spectrums, 


And  that,  Stevens  says,  could  reduce 
the  need  for  vehicles,  trains  and  air- 
planes, since  much  business  that  now 
requires  face-to-face  communications 
could  be  done  by  lasers  and  holo- 
grams beamed  from  the  space 
antenna.  “I  would  much  rather  travel  at 
the  speed  of  light  than  the  speed  of 
sound.”  he  says. 

Stevens  has  proposed  his  idea  to 
Dupont,  which  has  expressed  interest. 
''Cheap  communications  is  a com- 
modity everyone  wants  more  of,’1  he 
says.  -Ken  R.  Wells 

COMING  SOON  TO  A 
LIVING  ROOM  NEAR  YOU 

Oot  since  the  1960s,  when  The 
Jet  sons,  Star  Trek  and  Lost  in 
\ Space  left  the  airwaves,  has  space  had 
i a star  on  its  dressing  room  door.  But 
i now  that  network  executives  have  worn 
; out  the  urban  workplace,  the  police 
i station,  the  courtroom  and  the  plaid- 
; couch-in-the-living-room  as  settings, 

I space  may  again  become  a backdrop 
i for  sitcoms  and  TV  dramas, 
j The  Challenger,  tentatively  sched- 
j uled  to  air  as  a three-hour  movie  on 
j ABC  in  February,  deals  with  the  people 
I and  events  leading  up  to  the  January 
I 1986  space  shuttle  explosion.  Starring 
i Karen  Allen  as  Christa  McAuliffe'and 
; Barry  Bostwick  as  commander  Dick 
j Scobee,  the  movie  follows  the  seven 
| Challenger  astronauts  and  their 
; families,  and  shows  the  behind-the- 
; scenes  pressures  and  problems  that 
i beset  the  launch.  Peter  Boyle  appears 
; as  Roger  Boisjoly,  the  Morton  Thiokol 
j engineer  who  argued  against  the 
; launch,  while  Lane  Smith  (who  recently 
i played  Richard  Nixon)  portrays  Larry 
i Mulloy,  a NASA  manager  who  argued 
i for  it.  The  space  agency  allowed  por- 
i tions  of  the  movie  to  be  shot  on  location 
i at  the  Johnson  Space  Center  in  Hous- 
j ton,  after  reportedly  being  assuaged 
j that  the  story  would  be  based  on  fact 
i and  not  be  overly  sensationalized. 

i The  Challenger's  Bostwick,  Alien  and 
i Brian  Kerwin,  as  members  of  the  ill-fated 
I shuttle  crew, 
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The  continent  of  Ishtar,  shown  here  in  a section  of  a new  Venus  map  produced  by  U.S.  and  Soviet  scientists,  will  be  revealed  in 
even  more  detail  when  Magellan's  radar  instrument  begins  mapping  the  veiled  planet  next  August. 


The  producers  of  "Plymouth”  also 
call  their  Moon-based  space  drama 
"science  fact,  not  science  fiction,"  The 
two-hour  pilot,  being  produced  by  Walt 
Disney  Television  in  conjunction  with 
Rai  Television  and  ABC,  concerns  the 
first  colony  of  Earthlings  living  on  the 
Moon,  After  toxic  gas  released  in  an 
industrial  accident  makes  a town  in  the 
Pacific  Northwest  uninhabitable,  the 
company  responsible  for  the  mishap 
offers  the  community  of  250  the 
chance  to  be  the  first  pioneers  to  live 
on  the  Moon,  Publicists  for  "Plymouth" 
claim  that  every  detail-from  the  lunar 
landscape  to  the  hardware-will  be 
made  to  look  authentic,  and  will  be 
based  on  technology  available  today. 
The  show's  developers,  who  begin  pro- 
duction on  the  pilot  in  1990,  hope  it  will 
lead  to  an  hour-long  weekly  series. 

What  you  probably  won't  get  to  see  is 
a situation  comedy  called  "Mars:  Base 
One,11  which  was  unsuccessfully 
pitched  to  CBS  for  its  Fail  1989  lineup. 
Produced  by  Dan  Aykroyd  and  Edward 
K.  Milkis,  the  show  takes  place  on  Mars 
nearly  100  years  in  the  future,  focusing 
on  a family  that  lives  in  a community  of 
10,000  people.  The  pilot's  developers 
say  it's  "like  an  uprooted  Cosby  family," 
where  the  Mars  setting  offers  opportu- 
nities for  novel  plot  twists.  But  even 
though  a pilot  episode  was  filmed.  CBS 
dropped  the  ball  and  declined  to  air 
the  series,  which  apparently  didn't 
appeal  to  the  right  audience  as  the  net- 
work struggles  to  hold  on  to  its  dimin- 
ishing market  share 

-Kathleen  A,  McCarthy 


} A IMAP  FOR  MAGELLAN 

nhe  scientists  who  will  guide 
the  Magellan  spacecraft  dur- 
i ing  its  upcoming  orbital  tour  of  Venus 
i now  have  a road  map  for  the  trip,  thanks 
j to  collaboration  between  scientists  in 
i the  United  States  and  the  Soviet  Union, 

I For  many  years,  Soviet  planetary  sci- 
i enlists  have  participated  in  informal 
I exchanges  of  data  with  their  American 
i counterparts.  Then  the  Reagan  White 
: House,  after  some  hesitation,  okayed 
I the  creation  of  the  U.S./U.S.S.R,  Joint 
1 Working  Group  for  Solar  System  Explo- 
j ration,  co-chaired  by  NASA  Headquar- 
i ters  and  the  Vernadsky  Institute  in 
i Moscow,  One  product  of  that  agree- 
= ment  was  an  airbrushed  relief  map  of 
j much  of  Venus'  northern  hemisphere, 
; produced  by  the  U S Geologic  Survey 
The  only  way  to  see  beneath  Venus’ 
; dense,  perpetual  cloud  cover  is  with 


radar.  The  new  map  is  based  on  radar 
images  from  NASA's  Pioneer  Venus 
Orbiter  the  Arecibo  radio  telescope  in 
Puerto  Rico  and  the  Soviet  Venera  15 
and  16  spacecraft,  which  went  into 
orbit  around  Venus  in  1983.  Together, 
they  revealed  a planet  dotted  with  vol- 
canoes, wrinkled  by  ridges  and  vast 
mountain  ranges,  and  relatively  free  of 
craters. 

Shown  in  this  detail  from  the  map  is 
ishtar  Terra,  a continent  the  size  of 
Australia  centered  at  roughly  20 
degrees  west  and  65  degrees  north 
The  western  part  of  Ishtar  is  a vast 
plateau  called  Lakshmi  Planum,  some 
1,300  miles  across.  Within  the  plateau 
are  two  huge  volcanic  craters,  Colette 
(left)  and  Sacajawea  (right).  Surround- 
ing Lakshmi  Planum  are  rugged  moun- 
tain ranges,  including  the  towering 
Maxwell  Montes  to  the  east,  which  rise 
more  than  seven  miles  above  Venus' 
mean  surface. 

As  detailed  as  it  is,  this  map  will  seem 
crude  after  Magellan  surveys  Venus, 
beginning  this  summer:  that  space- 
craft's radar  images  should  reveal  fea- 
tures as  small  as  820-980  feet  across. 

-Andrew  Chaikin 

ROBOTIC  ROCKHOUNDS 


When  it  comes  time  to  explore 
the  surfaces  of  distant 
planets,  there  may  be  a shortage  of 
trained  fieldworkerswith  rock  bags  and 
hammers  at  the  ready.  So  researchers 
at  the  University  of  New  Mexico  at  Albu- 
querque are  trying  to  hammer  out  the 
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Notes  From 

Earth 


YES! 

nhe  verdict  is  in.  Of  the  704 
people  who  answered  our 
900-number  phone-in  question  last 
May  and  June,  94  percent  said  yes, 
NASA  should  resume  its  “Spacef- 
light Participant  Program’’  to  send 
ordinary  citizens  into  space. 

As  for  our  written  survey  on  space 
tourism,  84  percent  thought  a com- 
mercial, passenger-carrying  mod- 
ule should  be  allowed  in  the  cargo 
bay  of  the  space  shuttle  (provided  it 
paid  for  itself),  while  16  percent  said 
it  would  be  ill-advised  to  send 
everyday  tourists  on  the  shuttle. 

And  in  case  you  had  any  doubts, 
our  readers-almost  unanimously- 
want  to  go  into  space.  A whopping 
99  percent  were  ready  to  make  the 
trip,  with  most  people  willing  to  pay 
between  $5,000  and  $20,000  for  the 
privilege.  While  some  thought  a ride 
into  orbit  would  be  worth  millions,  an 
equal  number  would  pay  only  what  it 


presently  costs  to  buy  an  airline 
ticket. 

What  would  be  the  main  attraction 
of  a short  trip  into  space?  Just  being 
there,  according  to  many  of  the  peo- 
ple who  wrote  in.  Viewing  the  Earth 
from  orbit  was  the  single  most  popu- 
lar answer;  the  experience  of  seeing 
our  home  as  it  really  is,  a small  blue 
and  white  sphere  floating  through 


the  deep  blackness  of  space,  would 
be  both  spiritually  and  emotionally 
fulfilling  to  many  of  those  who 
responded.  Others  looked  forward 
to  the  launch,  the  fun  of  weightless- 
ness, even  the  fame. 

Nor  did  our  readers  demand 
absolute  safety  When  asked  what 
they  would  consider  an  acceptable 
level  of  risk  to  make  the  trip  into 
space  (on  a scale  of  1 to  5,  with  1 
equal  to  airplane  travel  and  5 equal 
to  armed  combat),  8 percent  felt 
that  airplane  travel  was  risky 
enough;  16  percent  chose  a risk  fac- 
tor of  2;  35  percent  were  in  the  mid- 
dle of  the  road;  21  percent  were 
almost  ready  for  armed  combat, 
and  20  percent,  brave  souls,  would 
face  a Panzer  division  to  explore  the 
final  frontier  for  themselves. 

Thanks  to  all  those  who  took  the 
time  to  answer  our  decidedly  unsci- 
entific poll.  We’ll  pass  the  word  on  to 
NASA  and  to  all  other  interested 
parties. 


best  robot  for  the  job.  The  result  is  the 
“teleprospector’’-  100  pounds  of  pre- 
tend geologist. 

According  to  Gregory  P Starr,  asso- 
ciate professor  of  Mechanical  Engi- 
neering, the  idea  for  the  extraterrestrial 
prospector  came  from  a collaborator  in 
the  geology  department,  Jeffrey  Taylor. 
The  resulting  three-wheel,  steerable 
prototype,  no  larger  than  a typical  rid- 
ing lawn  mower  and  named  “Shashk" 
(Navaho  for  “messenger”),  is  currently 
being  tested  at  the  university. 

With  development  studies  funded  by 
NASA’s  Office  of  Exploration,  the  tele- 
robotic  field  geologist  would  handle 
the  repetitive  aspects  of  rock  sample 
collection.  The  robots  designers  cur- 
rently are  working  on  the  problem  of 
time  delays  in  sending  instructions  to 
the  teleprospector,  while  they  try  to 
determine  how  much  intelligence  to 
build  in  so  that  it  can  perform  its  mis- 
sion. A second  phase  of  the  study  will 
concentrate  on  outfitting  the  robot  with 
the  proper  geologic  tools,  such  as  a 
gripper  to  acquire  rock  samples,  a drill 
to  take  core  samples  and  an  arm  to 
break  off  rock  from  outcrops. 

“No  other  robot  has  been  designed 
to  break  things,"  says  Starr.  “Robots 
just  can’t  impart  such  energy.”  But  the 


j New  Mexico  team  hopes  to  solve  that 
; problem,  and  someday  to  see  hun- 
: dreds  of  automatic  geologists  roaming 
i the  landscapes  of  the  Moon  or  Mars, 
j searching  for  a motherlode. 

- Patricia  Bames-Svarney 

OFF  THE  WALLS 

nhe  tiny  motions  caused  when 
a space  vehicle  fires  its  thrust- 
| ers  or  deploys  a payload  can  ruin  the 
! recipe  for  a space  chef  cooking  with  an 
i onboard  oven.  It’s  not  failed  souffles 
: that  have  space  station  Freedom’s 
i design  engineers  concerned,  how- 
: ever:  it's  metals,  ceramics  and  other 
I materials  manufactured  in  micro- 
: gravity. 

“Theoretically,  in  space  you  have 
j zero  gravity,"  explains  Tom  Crabb,  Vice 
j President  of  Orbital  Technologies  Cor- 
j poration  (ORBITEC)  in  Madison,  Wis- 
i consin.  “But  there  are  accelerations 
j that  the  shuttle  experiences,  so  parti- 
| cles  do  drift  within  the  vehicle." 

That  drifting  may  be  fine  for 
; astronauts,  who  can  push  off  a cabin 
j wall  if  they’re  jostled,  but  delicate 
j materials  processing  samples  can’t  be 
j touched  while  they’re  heating,  even  by 
: the  walls  of  their  containers. 


“The  samples  have  to  be  kept  sus- 
pended," Crabb  says,  “but  without 
contacting  the  containers,  because 
that  could  influence  how  the  crystals 
form.”  The  answer,  he  says,  is  to  either 
have  the  samples  heating  within  a big 
volume  of  space,  which  is  difficult 
aboard  the  shuttle,  or  be  able  to  con- 
tain them  somehow  within  a small 
space.  ORBITEC  is  looking  at  the  sec- 
ond approach,  testing  sonic  pumps 
that  would  use  sound  waves  to  push 
air  or  a gas  that  would  keep  the  parti- 
cles suspended  in  the  furnace. 

It  will  be  about  two  more  years,  pre- 
dicts president  Eric  Rice,  before  the 
company  is  ready  to  bring  their  space 
oven  to  market.  The  three-man  firm 
does  have  a lab  prototype,  however, 
and  anticipates  testing  it  aboard  a 
KC-135  weightlessness  training  air- 
craft soon.  They  expect  the  device 
could  help  reduce  some  of  the  restric- 
tions on  materials  processing  onboard 
the  space  station. 

“The  farther  from  the  center  of 
gravity  of  [a  spacecraft],  the  worse  the 
drift  effect  is,"  says  Crabb.  This  type  of 
containerless  processing  could  allow 
space  chefs  to  cook  even  when  they 
aren’t  in  the  quiet  zone  near  Freedom's 
center  of  gravity.  -Maura  Mackowski 
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MISSION  Hu 


STS-34 


+% 


CHANG-DIAZ 


LAUNCH: 

12:53  p.m.  EDT,  October  18. 
1989  Pad  39B,  Kennedy 
Space  Center,  Florida 

LANDING: 

9:32  a m.  PDT,  October  23, 
1989  Edwards  Air  Force 
Base,  California 

ORBITER: 

Atlantis 

ALTITUDE: 

160-178  nautical  miles 

CREW: 

Donald  E,  Williams, 
Commander 
Michael  J.  McCulley,  Pilot 
Franklin  R.  Chang-Diaz, 
Shannon  W.  Lucid,  Ellen  S. 
Baker,  Mission  Specialists 
PRIMARY  PAYLOAD: 
Galileo  Jupiter  spacecraft 
OTHER  PAYLOADS: 
Shuttle  Solar  Backscatter 
Ultraviolet  (SSBUV) 
instrument 
Polymer  Morphology 
experiment 
Mesoscale  Lightning 
experiment 

Growth  Hormone  Concen- 
trations and  Distribution  in 
Plants  experiment 
Zero-g  Growth  of  Ice  Crys- 
tals (student  experiment) 

I MAX  camera 
Sensor  Technology 
experiment 


Each  time  Atlantis  and 
the  Galileo  spacecraft 
seemed  ready  to  set  out  on 
the  STS-34  mission,  there 
was  one  more  hoop  to  jump 
through.  Two  days  before  the 
planned  launch,  anti-nuclear 
activists  took  NASA  to  court 
over  Galileo’s  plutonium- 
powered  generators,  then 
vowed  to  “sit  on  the  launch 
pad”  when  their  legal  battle 
was  lost.  Atlantis  wasn't  leav- 
ing on  time,  anyway;  first  a 
faulty  engine  computer,  then 
two  days  of  capricious  Cape 
Canaveral  weather,  stalled 
the  shuttle's  liftoff. 

But  in  the  early  afternoon 
ol  October  18,  the  protesters 
were  nowhere  to  be  found, 
the  cloud-flecked  Florida 
skies  were  bright  and  sunny 
...and  a new  era  in  planetary 
exploration  was  about  to 
begin. 

DAY  1 

After  a quick  switch  in 
trans-Atlantic  abort  sites  due 
to  weather,  Atlantis  made  the 
familiar  eight-and-a-half- 
minute  climb  into  orbit.  Only 
a failed  maneuvering  engine 
controller  marred  an  other- 
wise faultless  ascent. 

Atlantis'  five  astronauts 
spent  most  of  the  afternoon 
performing  equipment  and 
communications  checks 
and  verifying  that  Galileo 
and  its  Inertial  Upper  Stage 
(IUS)  booster  were  ready  for 
flight.  As  the  orbiter  passed 
over  Brownsville,  Texas,  on 
its  fifth  orbit,  a spring  mech- 
anism delicately  nudged  the 
39,000-pound  spacecraft/ 
booster  combo  out  of  the 
payload  bay;  two  hours  and 
two  successful  IUS  engine 
firings  later,  Galileo  was 
bound  for  Venus  on  the  first 
leg  of  its  roundabout  trip  to 
Jupiter. 


The  astronauts  worked 
with  the  mission's  secondary 
payloads  as  they  wound 
down  their  first  day  in  space. 
Mission  specialists  Chang- 
Diaz  and  Lucid  set  up  3M's 
Polymer  Morphology  appa- 
ratus, an  experiment  de- 
signed to  examine  the  effect 
of  zero-g  on  melt  processing 
of  several  industrial  polym- 
ers. The  crew  also  worked 
with  Mission  Control  to 
troubleshoot  a problem  with 
Atlantis’  cooling  system, 
which  had  automatically 
switched  itself  from  low  to 
high  shortly  after  the  space- 
liner  reached  orbit.  The 
anomaly  was  tentatively 
blamed  on  excess  heat  from 
the  nuclear  generators 
aboard  the  now-departed 
Galileo  probe. 

DAY  2 

Two  hours  after  awakening 
to  “Hail,  Purdue”  (Atlantis' 
commander  Williams  and 
pilot  McCulley  both  are  Pur- 
due graduates),  the  astro- 
nauts settled  in  for  a full 
workload  of  in-space  experi- 
ments. Chang-Diaz  acti- 


vated the  SSBUV  instrument, 
which  NASA  developed  to 
measure  the  amount  and 
vertical  distribution  of  ozone 
in  Earth's  atmosphere.  The 
readings  obtained  during 
STS-34.  as  Atlantis  and  two 
orbiting  U.S.  weather  satel- 
lites crossed  over  the  same 
region  within  a one-hour 
period,  will  be  used  to  cali- 
brate older,  less  reliable 
instruments  on  the  satellites. 

Earth's  surface  also  was 
the  target  of  the  Mesoscale 
Lightning  experiment.  As 
the  orbiter  passed  through 
darkness,  video  cameras 
mounted  in  the  payload  bay 
sent  back  spectacular 
images  of  blossoming  light- 
ning flashes  that  looked 
remarkably  like  a World  War 
II  nighttime  bombing  mis- 
sion. The  crew  also  used  a 
70  millimeter  I MAX  movie 
camera  to  photograph  the 
sunlit  side  of  the  globe;  the 
scenes  will  be  incorporated 
into  two  future  films  that  will 
play  at  the  National  Air  and 
Space  Museum  in  Washing- 
ton. D.C.,  as  well  as  other 
ItWAX-equipped  theaters. 


Williams,  Baker,  Chang-Diaz,  Lucid  and  McCulley  pose  for  a 
group  portrait  onboard  Atlantis. 
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Galileo  prepares  to  escape  its  troubled  past  and  head  toward 
Jupiter. 


In  one  of  the  flight's  med- 
ical tests,  mission  specialist 
Baker  strapped  on  a pair  of 
special  swimming  goggles, 
through  which  Chang-Diaz 
photographed  her  retinal 
blood  vessels.  Researchers 
hope  to  determine  if  those 
vessels  reflect  changes  in 
the  brain  that  can  lead  to  the 
onset  of  space  sickness, 
"Our  flight  surgeons  say  the 
look  inside  Ellen's  eye  was 
excellent,"  radioed  astronaut 
Mike  Baker  (no  relation),  jok- 
ing that  "they'd  like  her  to  set 
up  an  appointment  with  the 
ophthalmologist  when  she 
gets  back." 

DAY  3 

Atlantis'  astronauts  spent  a 
"routine11  day  in  orbit,  per- 
forming sample  runs  in  the 
Polymer  Morphology  experi- 
ment and  taking  data  with 
fheSSBUV  mounted  in 
'Getaway  Special"  canisters 
attached  to  the  orb  iters 
cargo  bay, 

One  device  not  func- 
tioning according  to  plan 
was  the  student  experiment 
to  study  the  growth  of  ice 
crystals  in  microgravity 
When  the  apparatus  had 
been  activated  the  previous 
day  it  had  formed  a "slug"  of 
ice  on  its  cooling  plate.  Shut- 
tle commander  Williams  and 
mission  specialist  Shannon 
Lucid  induced  the  mecha- 
nism to  start  growing  ice 
crystals,  using  what  NASA 
whimsically  called  the 
“direct  approach":  They 
reloaded  the  experiment 
with  water  and  simply  shook 
it  a few  times. 

The  crew  turned  Atlantis 
into  an  orbiting  video  studio, 
sending  back  television 
views  of  Mike  McCulley  and 
Franklin  Chang-Diaz  wres- 
tling with  IMAX  film 
magazines  inside  a light- 
proof reloading  bag,  as  well 
as  scenes  of  paper  stacking 
operations  at  the  orbiter's 
TAGS  super-fax  machine. 
Using  the  IMAX  camera,  the 
astronauts  shot  vistas  of 
Earth  terrain  as  varied  as 
Greece,  the  deserts  of  Saudi 
Arabia  and  ML  Fuji  in  Japan. 


DAY  4 

With  all  of  Atlantis1  systems 
and  payloads  humming 
along  smoothly  the  space- 
plane's  crew  faced  a rather 
undemanding  Saturday 
schedule  that  allowed  for 
some  typical  “tourist"  activi- 
ties, Early  in  the  day,  the 
astronauts  marveled  at  a 
stunning  display  of  the 
Aurora  Australis  (Southern 
Lights)  caused  by  the 
interaction  of  charged  parti- 
cles from  the  Sun  and  Earth's 
magnetic  field. 

There  also  was  time  for  a 
little  public  relations  gim- 
mickry. Costa  Rican  presi- 
dent Oscar  Arias  placed  a 
pre-arranged  call  to  Atlantis 
for  a chat  in  Spanish  with 
mission  specialist  Chang- 
Diaz,  a native  of  Costa  Rica, 
He  greeted  the  astronauts 
in  turn,  congratulating  them 
on  a successful  mission 
and  joking  with  shuttle  com- 
mander Williams  that  he 
was  lucky  “not  to  have  any 
economists  or  political  sci- 
entists on  board." 

Chang-Diaz  and  Williams 
had  more  serious  duties  as 
well,  performing  the  final 
SSBUV  experiments,  then 
commanding  the  instrument 
to  calibrate  its  data  and  shut 
itself  down.  Ellen  Baker  con- 
tinued a medical  study 


aimed  at  determining  how 
well  the  anti-motion  sickness 
drugs  scopolamine  and  dex- 
troamphetamine perform  in 
orbit 

The  astronauts  themselves 
couldn't  do  anything  about 
Ihe  day's  only  "problem"  The 
prospect  of  high  winds  at 
Edwards  AFB  for  Monday's 
planned  landing  time  forced 
Mission  Control  to  order 
Atlantis  down  earlier  than 
scheduled,  so  the  crew 
turned  in  90  minutes  early  to 
adjust  their  work/sleep  cycle. 

DAYS 

Williams,  McCulley,  Lucid, 
Chang-Diaz  and  Baker  had 
little  to  do  on  their  fifth  day  in 
orbit  expect  prepare  for  their 
return  to  Earth.  Atlantis'  com- 
mander and  pilot  checked 
the  orbiter’s  flight  control 
systems  and  fired  their  reac- 
tion control  system  maneu- 
vering engines,  The  other 
crew  members  busied  them- 
selves storing  equipment  in 
the  craftfs  middeck  lockers. 

Lucid  and  Baker  closed 
out  the  Growth  Hormone 
Concentration  and  Distribu- 
tion in  Plants  experiment  by 
freezing  two  of  four  canisters 
containing  corn  plant  seeds. 
Researchers  hoped  to  learn 
more  about  the  effects  of 
zero-g  on  auxin,  a growth 


hormone,  by  comparing  the 
frozen  specimens  with  those 
allowed  to  grow  during  the 
entire  mission. 

In  an  interview  with  Cable 
News  Network,  the  astro- 
nauts spoke  eloquently  of 
the  changed  perspective  on 
our  home  planet  spaceflight 
had  given  them.  "The  world 
as  we  know  it  is  a very  fragile 
place,"  Don  Williams 
explained.  "From  this  point  of 
view,  it's  very  obvious  that's 
the  case —and  we  need  to 
take  care  of  it 11 

DAYS 

Awakened  by  Steve  Mil- 
ler’s recording  Ffy  Like  an 
Eagle”  the  STS-34  astro- 
nauts readied  themselves  for 
the  long  glide  to  the  dry 
lakebed  in  the  California 
desert. 

Atlantis’  Orbital  Maneu- 
vering System  rockets 
rumbled  to  life  as  the  craft 
rushed  backward  over  the 
island  of  Madagascar  The 
decision  to  land  two  orbits 
early  meant  that  Williams 
and  McCulley  had  to  com- 
mand the  97-ton  spaceliner 
to  perform  a wider-  than -nor- 
mal banking  maneuver  after 
the  blazing  reentry  though 
Earth's  atmosphere  in  order 
to  line  up  properly  over  the 
California  coast. 

A weekday  crowd  of 
20,000  shuttlewatchers 
heard  the  familiar  double 
sonic  boom  as  Atlantis 
dropped  below  the  speed  of 
sound,  Williams  and  McCul- 
ley brought  the  spaceplane 
in  for  a perfect  touchdown, 
abandoning  the  planned 
nosewbeel  steering  and 
braking  tests  because  of  the 
potential  for  gusty  winds. 

Capsule  Communicator 
Ken  Cameron  rn  Houston 
summed  up  the  elation  of 
NASA  officials  in  his  mes- 
sage to  Atlantis'  crew: 
"Congratulations  on  an  out- 
standing mission.  You've 
extended  the  shuttle's  reach 
to  the  outer  planets.11 

At  that  moment.  Galileo 
was  about  a million  miles 
away  zooming  flawlessly 
along  on  its  voyage  to  Jupiter. 
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FINE  YOUNG  CANNIBALS 

The  Raw  And  The  Cooked 


MADONNA:  Like  A Prayer 


CHER:  Heart  Of  Stone 


GREAT  WHITE:  Twice  Shy 


ZIGGY  MARLEY:  One  Bright  Day 
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E INSTANT  HALF-PRICE  BONUS  PLAN 

“ You  get  50%-off  bonus  savings  with  every  CD  you 
P/q  buy  at  regular  Club  prices. . .right  with  your  very 
I w first  purchase. ..unlike  other  clubs  that  first  make 
you  buy  4,  6,  or  even  more.  


80064 


VANGELIS:  Direct 


\bu’ll  receive  the  Club's  exclusive  magazine  about  every  three  weeks.  It  will 
highlight  the  Featured  Selection  in  your  favorite  music  category,  plus  hundreds 
of  other  hits.  In  all,  you’ll  have  19  convenient,  shop-at-home  opportunities  a 
year.  If  you  want  the  Featured  Selection,  do  nothing.  It  will  be  sent  to  you  auto- 
matically. If  you  want  other  selections,  or  none,  just  indicate  your  preference 
on  the  card  always  provided.. .and  mail  it  back  to  us  by  the  date  specified. 

You’ll  always  have  at  least  10  days  to  decide.  But  if  you  don't,  you  may  return 
your  Featured  Selection  at  our  expense.  Cancel  your  membership  by  writing 
to  us  whenever  you  wish  upon  completing  your  enrollment  agreement. 


I am  most  interested  in  the  musical  category! 
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FREE  10-Day  No-Risk  Offer! 

Listen  to  your  4 introductory  hits  for  a full  10  days.  If  not  satisfied,  return  them 
with  no  further  obligation.  You  risk  nothing!  You  send  no  money  now,  so  com- 
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Start  With  4 Compact  Discs  Now.  First  pick  any  4 hit  compact  discs.  Next, 
you  agree  to  buy  only  1 more  CD  not  at  regular  Club  prices — but  at  a whop- 
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up  to  one  full  year  to  do  it.  Then  you  can  take  another  3 CDs  FREE.  That's  8 
smash-hit  CDs  for  just  half  the  price  you’d  expect  to  pay  for  just  1 great  hit  and 
there’s  nothing  more  to  buy... ever!  (A  shipping/handling  charge  is  added  to 
each  shipment.)  But,  hurry!  This  fantastic  offer  expires  February  23rd.  It!s 
available  for  this  limited  time  only  and  will  absolutely  not  be  repeated  in  1990! 
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Please  accept  my  trial  membership  in  the  BMG  Compact  Disc  Club  and  send  me  the  4 
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I can  choose  3 more  CDs  FREE!  (A  shipping  and  handling  charge  is  added  to  each 
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BY  JAMES  E.  OBERG 


The  Soviet 


space  program , 


once  the  object 


of  hero  worship , 


Twenty  years  apart,  I made  two 
visits  to  the  Soviet  Union's  main 
space  museum  in  Moscow.  The  first 
was  in  1968,  at  a time  when  the  Space 
Race  was  in  full  swing.  Russia  appear- 
ed to  be  winning,  and  the  bloom  was  on 
the  rose.  At  the  Park  of  Economic 
Achievements  in  northern  Moscow,  the 
Kosmos  Pavilion  was  bright  with  the 
summer  sunshine  and  the  smiling  faces 
of  thousands  who  thronged  past  the 
rows  of  futuristic  space  machines.  This 
was  their  future,  worth  sacrificing  for, 
and  they  knew  the  world  envied  them. 

In  1989,  I hiked  through  early  spring 
slush  and  late  afternoon  gloom  to 
revisit  the  same  shrine.  The  long,  dingy 
hal!  had  the  aura  of  a forgotten  tomb. 
The  colossat  rotunda  area  was  cor- 
doned off,  its  collapsing  central  dome 
a hazard  to  stragglers  who  wandered 
amidst  the  dust  and  rust,  seeking  nos- 
talgic glories.  Through  a double  door,  a 
small  side  hall  offered  a colorful, 
brightly  lit  exhibit  on  flying  saucers  and 
ESP  Grim-faced  out-  of-town  Russian 


suddenly  finds 
itself  with  a lot  of 
explaining  to  do. 


tourists  broke  into  grins  of  glee  as  they 
entered  the  world  of  the  paranormal, 
leaving  the  disappointments  of  reality 
behind. 

The  same  space  program  that  in 
decades  past  produced  the  triumphs 
of  Sputnik  and  Yuri  Gagarin  is  currently 
undergoing  a major  shift  in  the  way  it  is 
viewed  by  the  Soviet  people.  Once 
demi-gods,  space  heroes  have  been 
brought  low  in  the  public's  estimation, 
Their  achievements,  once  a source  of 
infinite  pride,  now  elicit  resentment. 
While  a statue  of  Gagarin  at  the  cos- 
monaut training  center  at  Star  City  (left) 
is  always  graced  with  flowers  left  by 
cosmonaut  colleagues  or  by  respect- 
ful official  visitors,  another  statue 
{opposite)  located  on  a major  Moscow 
thoroughfare -an  idealized  human  fig- 
ure with  sweeping  lines  representing 
unbounded  flight -was  derided  by  one 
cynical  Russian  observer  as  the 
triumph  of  socialism,  "Man  turned  into 
machine."  There  never  are  any  flowers. 

How  well  the  Soviet  space  program 
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can  survive  this  de-mythologizing  is  as 
yet  unpredictable.  International  critics 
have  long  regarded  the  Soviet  Union 
as  a third  world  nation  with  pockets  of 
isolated  high  technology.  On  the  world 
stage,  the  sprawling  country  would 
amount  to  little  were  it  nor  for  its  nuclear 
weapons,  Olympic  athletes,  ballet 
stars-and  space  vehicles.  The  current 
widespread  opposition  to  space  activi- 
ties has  therefore  baffled  many  foreign 
observers, 

Space,  after  all,  has  been  an  authen- 
tic subject  for  national  pride.  In  space, 
the  Russians  were  indeed  first,  particu- 
larly in  the  late  195QsP  when  the  West 
ate  their  dust  year  after  glorious  year 
Here,  at  least,  communist  dogma  was 
becoming  true,  as  the  self-styled  most 
advanced  society  on  Earth  led  humani- 
ty's expansion  into  the  Universe.  The 
ideological  value  of  space  pre- 
eminence was  profound,  and 
official  Soviet  art  reflected  this 
para-religious  theme:  paint- 
ings of  space  heroes  were 
done  in  styles  slavishly 
derivative  of  Florentine  trip- 
tychs  and  cathedral  bas- 
reliefs. 

True,  the  multiple  space 
race  losses  of  the  1970s- 
when  Americans  beat  the 
Soviets  to  the  Moon,  to  a 
space  station,  to  a robot  land- 
ing on  Mars,  and  finally  to  a 
reusable  space  shuttle  — did 
disconcert  those  better 
informed  among  the  general 
public.  A few  isolated  dissi- 
dents cried  out  for  "Bread,  not  sput- 
niks!'1 But  the  state-run  news  media 
were  consistently  upbeat:  Spaceflight 
was  good  for  Russia,  and  nobody 
thought  differently, 

"For  decades,  cosmonautics  was 
considered  almost  a sacred  cow  of  the 
economy,"  wrote  Izvestiya's  space 
correspondent  Sergey  Leskov  last 
March,  "To  argue  about  the  cost  of  sup- 
porting it  was  considered  wrong  and 
unpatriotic,” 

Recently,  however  despite  record- 
setting  flights  on  the  Mir  space  station 
and  successful  tests  of  the  Energia 
super-booster  and  a prototype  space 
shuttle,  the  bubble  of  public  approval 
has  burst.  Suddenly  there  are 
arguments  everywhere. 

The  vigorously  pro-Perestroika 
weekly  Arguments  and  Facts  pub- 
lished a letter  last  June  from  a group  of 
health  workers  in  Shakhty,  a mining  city 
in  the  Ukraine. 

"When  will  all  this  peaceful  explora- 
tion of  space’  come  to  an  end?"  they 
demanded.  "It  is  impossible  to  remain 
undisturbed  seeing  people's  money  go 


down  the  drain!  Come  down  from  the 
heavens  to  our  sinful  earth!  There  is  no 
sugar,  soap,  drugs...  Shame!  Mother 
Russia  has  remained  as  backward  as  it 
used  to  be!" 

On  Cosmonautics  Day,  the  anniver- 
sary of  Gagarin's  first  flight,  the  labor 
daily  JRUD  reported  that  its  mail  was 
ten  to  one  in  favor  of  sharp  cutbacks  in 
space  expenditures.  Some  readers 
called  for  a complete  cutoff  of  funds, 
asking  "Why  do  we  need  a space  pro- 
gram if  we  don’t  have  sufficient  means 
for  priority  needs  here  on  Earth,  and  if 
millions  of  people  living  below  the  pov- 
erty line  cannot  make  ends  meet?" 

Those  letters  echo  complaints  heard 
widely  during  the  national  election 
campaigns  last  March.  Maverick  Mos- 
cow politician  Boris  Yeltsin  was  the 


Images  of  past  glory,  such  as  this  adoring 
triptych  of  Yuri  Gagarin  (above),  pale 
as  expensive  projects  tike  the  Buran 
shuttle  (opposite)  come  under  fire* 

loudest,  but  not  the  most  extreme:  "I'm 
not  saying  we  should  abandon  space 
research,  just  stretch  it  out,”  he 
explained,  calling  for  a five-  to  seven- 
year  delay  in  many  major  projects.  Yelt- 
sin swept  90  percent  of  the  vote. 

On  the  TV  program  "Moscow  News” 
in  August,  during  a candid  roundtable 
discussion  on  the  value  of  space  explo- 
ration, science  editor  Leonard  Nikishin 
offered  a credible  explanation  for  the 
vehemence  of  the  negative  outbursts; 
"Where  do  these  extreme  views  come 
from-the  total,  angry  denial  of  the 
need  for  useless1  spending  on  space? 
I believe  that,  not  least  of  all,  this  is  a 
consequence  of  well-nigh  universal 
irritation  over  the  hullabaloo  of  many 
years  about  our  ’space  victories.1  But 
the  people  lived  in  a different  world. 
They  were  short  of  too  many  good 
things  of  fife  to  take  these  victories 
close  to  heart," 


Not  all  the  criticism  has  come  from 
outside.  Joining  the  chorus  of  dissent 
have  been  several  voices  from  within 
the  Soviet  space  hierarchy.  Cosmonaut 
training  director  Vladimir  Shatalov,  a 
three-time  space  veteran,  has 
bemoaned  the  lack  of  long-range  plan- 
ning and  the  absence  of  industrial  fol- 
low-through to  space  research.  Space 
scientists,  after  two  Phobos  probes 
failed  to  complete  their  missions  to  the 
moons  of  Mars  last  year,  blamed  mis- 
management in  the  Soviet  space 
bureaucracy. 

Ironically,  it  is  the  scientists  who  have 
become  the  target  of  mts-aimed  public 
anger.  For  decades,  the  real  purpose  of 
space  shots  in  the  Kosmos  series  had 
been  camouflaged  by  deceptive 
announcements  about  "scientific 
instruments  for  the  exploration  of  outer 
space,"  when  most  actually  were 
military  in  nature- spy  satellites, 
weapons  control  systems  or 
actual  weapons  tests.  Many 
others  were  for  civil  applica- 
tions such  as  weather  and 
navigation,  or  for  testing  pro- 
totype hardware.  Only  a hand- 
ful were  really  for  science. 

Yet  the  Soviet  public  came 
to  perceive  scientists  as 
draining  the  public  treasury 
out  of  idle  curiosity,  with  no 
practical  benefits  to  show.  For 
their  part,  the  scientists 
couldn't  explain  that  most 
satellites  called  “scientific” 
were  really  for  the  military, 
since  that  was-and  even 
under  Glasnost,  still  remains-a  state 
secret. 

Leading  spacecraft  designer  Kon- 
stantin Feoktistov,  himself  a space 
traveler  in  1964,  said  in  the  "Moscow 
News"  roundtable:  "A  mere  one  per- 
cent of  [annual  expenditures]  goes  for 
strictly'  scientific  research  by  space 
specialists,”  Yet,  Feoktistov  sadly 
observed,  "In  the  eyes  of  ordinary  peo- 
ple it  has  turned  into  a devourer  of 
incalculable  sums." 

Official  unwillingness  to  admit  the 
exact  amount  of  space  expenditures 
has  itself  caused  mistrust.  Even  /zves- 
tiya  complained  that  Soviet  space 
budgets  are  not  published,  which 
negatively  affects  public  attitudes 
toward  space.  "When  [the  sum]  is  not 
named,  you  inevitably  imagine 
astronomic  appropriations  which, 
when  you  look  at  empty  store  counters, 
you  cannot  help  wanting  to  cut,”  the 
paper  editorialized. 

How  much  do  the  “incalculable 
sums'1  spent  on  space  programs 
amount  to?  General  M Moiseyev,  chief 
of  staff  of  Soviet  armed  forces,  told 
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Pravda  in  June  that  the  Soviet  Union 
allocated  6.9  billion  rubles  to  all  space 
expenditures  in  1989,  of  which  3.9  bil- 
lion were  for  military,  1.7  for  research 
and  1.3  for  the  Buran  space  shuttle.  In 
the  past  four  years,  the  manned  Mir/ 
Soyuz  program  has  allegedly  cost  only 
1.47  billion  rubles,  while  the  multi- 
modular  Mir  space  station  has  cost  1.7 
billion  rubles  alone  over  the  course  of 
13  years.  According  to  Feoktistov, 4< Dur- 
ing the  30  years  of  manned  space 
flights  we  have  spent  about  six  billion 
rubles  on  them.11 

But  these  figures  seem  suspiciously 
low,  even  at  the  official  exchange  rate 
of  0.6  rubles  to  a dollar  (the  black  mar- 
ket rate  is  about  eight  to  ten  rubles  to 
the  dollar).  This  should  be  hardly  sur- 
prising, since  the  primary  intent  in  pub- 
lishing them  was  to  show  the  public 
that  the  space  program  doesn't  cost 
that  much  after  all. 

Any  comparison  of  American  and 
Soviet  space  budgets  must  take  into 
account  that  Soviet  workers  are  paid  far 
less  than  their  American  counterparts. 
By  keeping  salaries  low,  the  govern- 
ment squeezes  enormous  amounts  of 
rubles  for  its  space  budget  out  of  work- 
ers. Another  factor  in  any  budget  com- 
parison Is  hidden  costs.  The  operating 
costs  of  many  Soviet  ministries  that 
support  the  space  industry-including 
those  responsible  for  the  acquisition 
and  pre-processing  of  materials- have 
their  own  budgets,  which  are  an  invis- 
ible subsidy  to  the  space  effort.  It  may 
be  that  the  Soviet  economy  is  so  disor- 
ganized that  no  one,  not  even  Soviet 
leaders,  knows  how  much  is  really 
being  spent  on  space  activity,  But  it  is 
probably  twice  the  official  tally, 
possibly  even  more.  The  economic 
burden  is  therefore  far  higher  than  the 
published  figures  admit,  and  the  pub- 
lic's Intuition  is  more  accurate  than  the 
government's  bookkeeping. 

The  other  side  of  the  ledger-eco- 
nomic benefits  to  those  on  Earth -has 
been  equally  grim.  The  government 
lists  miraculous  “spinoff"  products 
from  the  space  program,  which,  ordi- 
nary Russians  realize  all  too  bitterly, 
nobody  can  buy. 

So,  i n its  hunger  for  a better  standard 
of  living,  the  Soviet  public  has  made 
space  spending  a target  of  i re.  At  a time 
when  the  Gorbachev  regime  grapples 
with  serious  economic  problems,  the 
space  program  seems  especially  vul- 
nerable. Major  cuts  to  the  space 
budget  would  give  Gorbachev  some 
breathing  room,  and  would  be 
immensely  popular. 

But  where  could  the  cuts  come  from? 
With  spokesmen  boasting  that  satel- 
lites augment  the  effectiveness  of 


Soviet  armed  forces  by  150  to  200  per- 
cent, military  space  programs  seem 
immune.  So  do  applications  satellites, 
which  apparently  are  able  to  eke  out 
genuine  profits.  Space  science  doesn't 
spend  enough  to  save  much  by  can- 
celing it.  And  the  Mir  space  station- 
assuming  new  modules  are  added  on 
successfully -also  can  make  a good 
practical  case  for  funding.  One  last 
program  stands  out  as  an  ideal  sacrifi- 
cial victim:  the  Buran  space  shuttle. 


The  Mir  space  station  (top}  will  probably 
survive,  despite  the  protests  of  politic 
cians  like  Boris  Yeltsin  (above). 


Buran  made  its  debut  in  1988  with  a 
successfui-and  completely  auto- 
mated-orbital flight.  But  even  before 
any  cosmonauts  have  flown  it,  the  pro- 
gram has  come  under  fire.  Last  spring 
a space  correspondent  for  the  daily 
newspaper  Soc/a//sf  Industry,  asked 
the  shuttle's  chief  designer,  "Why  do  we 
need  Buran?  The  .goals  achieved  by 
this  truly  marvelous  machine  are  still 
unseen.  Aren't  we  being  dragged  into  a 
senseless  and  wasteful  race?"  The 
chief  designer  was  not  allowed  to  make 
a coherent  reply,  except  to  admit  the 
spaceship  was  a bit  ahead  of  its  time. 
Space  scientist  Konstantin  Gring- 
auz,  in  Izvestiya,  was  even  more  cyn- 
ical: "It  is  not  easy  to  answer  the 
question  of  why  we  need  this  system  at 


this  particular  time In  my  opinion,  it 

cannot  be  ruled  out  that  the  main  rea- 
son for  the  creation  of  the  Energiya- 
Buran  system  was  the  desire  of  the 
[ministry]  to  assert  itself,  and  not  the 
real  needs  of  the  country  and  of 
science." 

Other  space  scientists  see  Buran  as 
the  enemy.  Roald  Sagdeyev,  formerly 
head  of  the  Soviet  space  science 
establishment  and  a leading  adviser  to 
the  Gorbachev  regime,  told  Moscow 
News  that  the  entire  Buran  program 
was  a mistake:  "Even  today,  Buran  con- 
sumes the  lion's  share  of  expenses  in 
the  space  budget. ..but  it  seems  to  me 
that  even  the  crudest  economic  esti- 
mates of  the  necessary  missions  give 
an  unambiguous  answer  I am  all  in 
favor  of  disposable  syringes,  and 
against  reusable  Buran." 

In  the  same  interview,  manned 
spacecraft  designer  Feoktistov  con- 
curred. He  mocked  the  idea  of  using 
Buran  to  recover  precious  satellites, 
"Any,  even  the  most  sophisticated 
spacecraft,  is  far  cheaper  than  one 
flight  of  Buran...  [yet]  we  have  stub- 
bornly continued  spending  money  on 
this  hopeless  affair." 

Notably  tacking  in  official  responses 
to  this  groundswell  of  disaffection  are 
the  ideological  pronouncements  and 
appeals  to  national  pride  and  glory. 
Instead,  officials  turn  to  bottom-line 
cost  accounting  of  profits  and  tosses. 
Spaceflight,  they  say,  is  supposed  to 
show  a profit. 

Since  1975,  according  to  Semyonov 
and  other  space  officials,  about  14  bil- 
lion rubles  have  been  spent  on  the 
entire  Buran  program.  At  the  same 
time,  developing  Buran  supposedly 
led  to  more  than  400  major  technolog- 
ical breakthroughs,  with  revolutionary 
implications  for  Soviet  industry  and 
world  trade.  But  in  order  to  realize  those 
benefits  the  Soviets  must  overcome  a 
system  that  has  shown  itself  immune  to 
innovation  and  to  efficient  use  of  tech- 
nology. And  they  must  correct  miscon- 
ceptions about  American  space  costs 
and  benefits,  such  as  the  widespread 
Soviet  belief  that  NASA  fully  recouped 
the  cost  of  the  Apollo  program  by  sell- 
ing space  technology  patents  to  pri- 
vate industry. 

Supporters  of  the  Buran  program 
have  painted  themselves  into  a corner 
by  stressing  its  value  as  a pathfinder  of 
new  technology  rather  than  a crucial 
piece  of  a national  space  transporta- 
tion system-which  it  clearly  isn't,  since 
the  Soviets  have  other  means  of  send- 
ing people  and  cargo  into  orbit.  Ironic- 
ally, the  major  economic  benefit  of 
Buran  may  lie  in  the  scientists  and 
continued  on  page  54 
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Is  space  travel  for  average  people  too 
far  in  the  future  ? 

Maybe  not ! 

Especially  if  you  join  us. 
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Engineers: 
Here’s  the  space 
to  express  your  ideas. 


The  Space  Shuttle. ..the  Advanced  Tactical  Fighter... 
the  next  generation  of  high-tech  composites  for  the  jet 
engines  of  tomorrow... 

Start  your  aerospace  career  by  working  on  some  of 
the  country’s  top  aerospace  projects.  You’ll  work  in  one 
of  the  industry’s  most  advanced  facilities:  Pratt  & 
Whitney’s  West  Palm  Beach,  Florida,  headquarters. 

We  need  your  creativity,  and  we’ll  put  you  in  an 
environment  that  provides  plenty  of  space  for  it.  We’ll 
give  you  the  support  to  try  new  ideas — even  if  they 
don’t  always  succeed — and  we’ll  do  our  best  to  take 
away  any  barriers  to  your  progress. 

Of  course,  you’ll  get  a substantial  compensation 
package,  including  liberal  relocation  assistance.  But 
you’ll  get  something  more:  the  chance  to  make  a differ- 
ence on  projects  that  make  history. 

Send  your  resume  for  confidential  consideration  to: 
P.O.  Box  109600,  Mail  Stop  FF  710-18,  West  Palm 
Beach,  FL  33410-9600. 


I UNITED 
1 TECHNOLOGIES 

I PRATT  & WHITNEY 

An  Equal  Opportunity  Employer. 


WE  AMERICANS  HAVE  BEEN  PUSHING  BACK  FRONTIERS  THROUGHOUT  OUR 
HISTORY.  TODAY,  SPACE  IS  AMERICA'S  FRONTIER,  AND  AMERICA'S  DESTINY  IS  TO 
DISCOVER  AND  PIONEER  IN  SPACE.  ■ WE  BELIEVE  THAT  THE  POTENTIAL  GAINS 
FROM  SPACE  ARE  GREAT.  IT  CAN  FURTHER  SCIENTIFIC  UNDERSTANDING  BY  MANY  ORDERS  OF  MAG- 
NITUDE. IT  CAN  PROVIDE  INCENTIVES  TO  REINVIGORATE  EDUCATION  IN  THIS  COUNTRY.  FOR  EXAM- 
PLE, APOLLO  SO  INSPIRED  THE  YOUTH  OF  THE  1960s  THAT  ADVANCED  DEGREES  IN  THE  SCIENCE  AND 
ENGINEERING  FIELDS  MORE  THAN  DOUBLED.  ■ THE  BROAD  GOALS  OF  OUR  SPACE  POLICY  ARE  EASILY 
STATED:  WE  BELIEVE  IN  THE  IMPORTANCE  OF  EXPLORING  OUTER  SPACE  FOR  THE  BENEFIT  OF  MAN- 
KIND. WE  BELIEVE  THAT  ENCOURAGING  PRIVATE  SECTOR  INVESTMENT  IN  SPACE-RELATED  ACTIVITIES 
WILL  BENEFIT  OUR  ECONOMY  AND  NATIONAL  WELL-BEING.  WE  BELIEVE  THAT  OUR  SPACE  PROGRAMS 
MUST  BE  GEARED  TO  IMPROVING  OUR  QUALITY  OF  LIFE  ON  EARTH  AND  TO  STRENGTHENING  OUR 
NATIONAL  SECURITY.  AND  WE  BELIEVE  IN  THE  LONG  TERM  GOAL  OF  PIONEERING  SPACE-PUSHING 
BACK  THE  FRONTIERS  OF  OUR  SOLAR  SYSTEM.  ■ WE  MUST  ASK  OURSELVES  WHERE  WE  WANT  TO  BE  IN 
SPACE  BY  THE  DAWN  OF  THE  21st  CENTURY,  AND  THEN  WORK  OUT  THE  BEST  ROUTE  TO  GET  THERE.  AS 
PRESIDENT  BUSH  HAS  SAID,  "WE  MUST  KEEP  AMERICA  FIRST  IN  SPACE."  ■ AND 
WITH  YOUR  HELP  DEDICATION,  PARTNERSHIP  AND  ENTHUSIASM,  WE  SHALL. 

Vice  President  Dan  Quayle,  Chairman,  National  Space  Council 
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Humans  have  walked  on  the 
Moon,  and  machines  built 
by  humans  have  visited  all 
but  one  of  the  known 
planets.  Earth  is  patrolled 
by  remote  sensing  and  weather  satellites 
that  constantly  take  the  planetk  pulse. 
Our  voices,  pictures  and  data  travel 
almost  instantly  around  the  world, 
thanks  to  a constellation  of 
communications  satellites  in  Earth  orbit. 
Where  do  we  go  from  here? 

YouVe  probably  asked  that  question 
many  times  if  you  think  an  aerospace 
career  is  for  you.  Well,  theres  good  news: 
The  most  ingenious  space  programs  arc 
barely  underway,  and  the  boldest 
explorations  have  yet  to  begin. 

In  the  next  decade,  sophisticated 
robots  will  return  to  Mars,  Venus,  Jupiter 
and  Saturn  for  extended  stays.  New 
space-based  observatories — the  Hubble 
Space  Telescope,  the  Gamma  Ray 
Observatory,  the  Advanced  X-ray 
Astrophysics  Facility  and  the  Space 
Infra-Red  Telescope  Facility— will 
revolutionize  astronomy  and  make  the 
entire  universe  a familiar  neigh1x>rhood 
Closer  to  home,  the  international 
Mission  to  Planet  Earth  will  open  a new 
era  of  space- based  investigations  of  our 
own  world  Orbiting  spacecraft  equipped 
with  a battery  of  scientific  instruments 
will  study  the  complex  interaction  of  land, 
sea  and  atmosphere,  returning  vast 
amounts  of  data  that  will  challenge  our 
fastest  computers  and  improve  our 
understanding  of  Earth’s  climate 
Launching  payloads  into  orbit  for 
profit  will  continue  to  be  a booming 
industry  in  the  1990s.  Large  companies 
such  as  Arianespace,  McDonnell  Douglas, 
Martin  Marietta  and  General  Dynamics 
will  get  most  of  their  business  by 
launching  the  next  generation  of 
communications  satellites.  While  the 


international  Intelsat  consortium  will 
continue  to  dominate  world 
telecommunications,  private  entities  such 
as  PanAmSat,  GTE  Spacenet  and  Geostar 
will  attempt  to  capture  specialty  markets. 

There  also  will  be  plenty  of  smaller 
satellites  and  payloads  to  go  around 
Among  the  competitors  Ibr  that  share  of 
the  space  marketplace  will  be  the  Scout 
launcher  built  by  LTV  Corporation,  the 
American  Rocket  Companyk  Industrial 
Launch  Vehicle,  the  Conestoga  series  of 
launchers  planned  by  Space  Services, 
Inc.,  and  the  Pegasus  rocket  under 
development  by  Orbital  Sciences  Corp. 

in  the  1990s  the  space  shuttle  will 
continue  to  be  NASAs  workhorse  vehicle 
for  hauling  people  and  cargo  into  Earth 
orbit,  with  more  than  GO  missions  on  the 
space  agencyk  manifest  through  1995 
alone.  At  least  19  of  those  flights  will 
carry  either  a Spaeelab  module  or  a 
commercial  Space  ha  b facility  into  orbit 
tor  conducting  experiments  ranging  from 
astronomy  to  life  sciences. 

Then,  in  1995,  shuttle  crews  will  begin 
to  construct  a permanent  orbiting  base  in 
the  sky — space  station  Freedom. 
Astronauts  aboard  Freedom  will  perform 
virtually  every  space  activity  that 
humans  can  conceive  of.  The  station  will 
supplant  the  shuttle  as  an  orbiting 
laboratory  for  microgravity  experiments 
in  fluid  dynamics,  production  of  new  and 
improved  metals  and  alloys,  and 
biotechnology  research.  Crews  will 
investigate  the  medical  effects  of 
long-duration  stays  in  zero-g  and  test 
new  robotic  technology. 

Even  as  the  space  station  takes  shape, 
teams  of  scientists  and  engineers  will  be 
planning  new  ways  to  get  humans  and 
their  machines  into  orbit.  One  proposed 
solution  to  the  current  high  cost  of  space 
t ravel  is  the  NASA/ Air  Force  Advanced 
Launch  System.  A serious  competitor  to 


ALS  may  be  the  Shuttle-C  design,  which 
couples  the  shuttles  proven  solid  rocket 
booster  technology  with  a cargo-car rying 
v ersion  of  the  orbiterk  fuselage. 
Astronauts  themselves  may  ride  into 
space  aboard  a derivative  of  the  National 
Aero-Space  Plane,  a single -stage-to-orbit 
vehicle  also  being  conceived  by  NASA  and 
the  Air  Fbree. 

And,  fur  the  first  time  in  twenty  years, 
America  is  looking  beyond  Earth  orbit  to 
a grand  new  adventure  in  space  Early  in 
the  2Lst  Century,  we  intend  to  return  to 
the  Moon  and  voyage  off  to  the  planet 
Mars.  The  specifics  have  yet  to  be  worked 
out,  but  the  effort  is  likely  to  dwarf  the 
Apollo  program  by  comparison. 

Our  first  lunar  base  will  be  a spartan 
outpost  where,  in  addition  to  venturing 
outside  to  conduct  forays  themselves, 
astronauts  will  probably  control  an  army 
of  versatile  robotic  workers  and  explorers. 
Meanwhile,  automated  spacecraft  will 
pro  lx:  Mars  to  pave  the  way  for  the  first 
human  visitors,  who  will  arrive  sometime 
between  2010  and  2020.  Whether  i&  a 
solitary  ship  or  an  international  fleet 
adorned  with  many  national  symbols, 
humans  will  have  begun  their  slow  but 
inevitable  expansion  to  the  other  planets 
of  the  Solar  System. 

What  does  all  this  activity  mean  for 
you?  Whether  your  interest  is  in 
astronomy  or  law,  social  sciences  or 
humanities,  computer  systems  or 
engineering,  you! I be  able  to  find  your 
niche  as  wre  take  our  first  halting  steps  on 
a path  that  will  lead  to  the  stars.  Even  if 
hard  science  isn’t  your  game,  the  exciting 
and  innovative  projects  planned  for  the 
next  thirty  years  are  so  varied,  youll  have 
to  look  hard  to  find  a field  that  doesn't 
have  some  application  to  space. 

In  short,  theres  a universe  of 
opportunities  waiting  for  you.  At  last,  the 
sky  is  no  longer  the  limit. 
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or  most  people,  choosing  the 
right  school  and  the  right 
degree  is  the  first  step  on  the 
road  to  a career  in  aerospace. 
Remember,  though,  that  you 
don't  have  to  restrict  yourself  to  pursuing 
a degree  that  has  “space”  or  “astro''  in  its 
title.  Most  technical  degrees  will  ensure 
youll  be  considered  by  aerospace 
industry  and  government  recruiters.  Fbr 
example,  here  arc  just  a tew  of  the 
disciplines  NASA  recommends  for 
potential  aerospace  technologists: 

Biomedical  Engineering 

Ceramics 

Chemistry 

Industrial  Engineering 
Materials  Science 
Metallurgy 
Optical  Engineering 
Oceanography 

Also,  don’t  ignore  non -technical  fields 
such  as  finance,  communications, 
marketing,  management  and  data 
processing.  Any  aerospace  firm,  whether 
government  or  private,  can  function  only 
when  it  has  qualified  people  who  keep  the 
records,  pay  the  hills  and  keep  its 


organisational  structure  humming  along 
And  most  large  companies  also  need 
lawyers,  writers  and  artists  (where  do  you 
think  those  paintings  of  NASAk 
yet- to-be -built  space  station  come  from?) 

Remember,  too,  that  stellar  academic 
achievements  won’t  guarantee  you  a place 
in  space.  Good  grades  are  important; 
anything  less  than  a 3.0  (out  of  4.0)  is 
likely  to  put  you  pretty  tar  back  in  the 
pack  with  a prospective  employer  But 
both  NASA  and  the  private  sector  also 
evaluate  what  youVe  done  outside  the 
classroom  and  how  you  eomc  acrass  as  a 
prospective  employee. 

WHAT  SCHOOL  SHOULD  I CHOOSE? 

Although  just  about  any  accredited 
college  or  university  can  get  you  started 
on  the  road  to  a space  career,  some 
schools  have  special  programs  focused  on 
space  science  and  technology. 

In  1989,  NASA  selected  17  universities 
and  consortia  £is  designated  “Space  Grant 
Colleges,’'  which  will  receive  grants  to 
further  their  programs  in  space 
education  and  to  provide  fellowships  to 
undergraduate  and  graduate  students 
(sec  list ),  The  agency  also  helped 


establish  University  Space  Engineering  | 
Research  Centers  at  the  following  schools  | 

in  1988:  Peon  State,  MIT,  Rennsclaer  z 

o 

Polytechnic,  North  Carolina  State  at 
Raleigh/North  Carolina  Agricultural  and 
Technical  State  University,  and  the 
Universities  of  Arizona,  Cincinnati, 
Colorado  (at  Boulder),  Idaho  and 
Michigan,  These  centers  stress 
interdisciplinary  space -related  research 
in  selected  areas — for  example,  the 
University  of  Colorado  center 
concentrates  on  space  construction, 
while  the  work  at  Retinselaer  is  in  robotic 
systems  tor  space  exploration.  NASA 
hopes  to  establish  more  centers  in 
coming  years. 

In  cooperation  with  the  Universities 
Space  Research  Association,  the  space 
agency  also  sponsors  an  Advanced  Design 
Program  whereby  students  at  selected 
schools  work  on  advanced  mission 
studies  for  NASA  within  the  context  of 
their  accredited  courses.  Information  on 
this  program  is  available  from  USRA, 

2525  Bay  Area  Rlvd.,  Suite  530,  Houston, 
Texas  77058;  Phone:  (713)  480-5939. 

NASA  field  centers  located  around  the 
country  offer  high  school,  college  and 
graduate  students  the  chance  to  get 
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hands-on  work  experience  while 
completing  their  education,  through  the 
agency’s  Cooperative  Education  Program 
(contact  the  personnel  office  at  any  of  the 
NASA  centers  listed  on  page  14  for  more 
information).  Large  aerospace  companies 
may  also  have  co-op  and  internship 
programs  in  your  area. 

New  opportunities  in  space  education 
are  cropping  up  outside  NASA  as  well 
While  it  does  i A yet  offer  a degree 
program,  the  Boston -based  International 
Space  University  has  brought  together 
graduate  students  and  space  professionals 
from  around  the  world  for  two  successful 
summer  study  programs,  and  hopes  to 
have  a year-long  program,  as  well  as  a 
campus  to  call  home,  beginning  in  1992. 
Other  schools,  like  the  University  of 
North  Dakota,  are  trying  to  expand  their 
aerospace  departments  to  become  more 
of  a player”  in  the  field  of  space  education. 

USING  THE  RESOURCE  LIST 

The  following  colleges  and  universities 
(listed  on  pp.  5-9)  offer  degree  programs 
that  can  he  considered  specialized 
space- related  disciplines.  Of  course,  most 
major  institutions  offer  degrees  in  general 
areas  of  science,  mathematics  and 
engineering  that  will  open  doors  tor  you 
just  as  well 

Obtaining  information  on 
baccalaureate  degree  programs  usually  is 
as  simple  as  calling  or  writing  the 
university^  admissions  office  to  ask  for  a 
copy  of  the  general  catalog.  Contacting 
the  specific  department  for  information 
at  the  undergraduate  level  won’t 
accomplish  much — youll  still  receive  a 
catalog. 

Working  toward  an  advanced  degree  is 
a different  matter.  The  best  way  to  find 
out  if  an  institution^  graduate  program  is 
right  for  your  plans  is  to  find  someone 
who  has  already  completed  the  program. 
Often  tli evil  he  able  to  “network”  you 
with  professors  and  administrators  who 
can  give  you  specific  guidance. 


NASA  SPACE  GRANT  COLLEGES/CONSORTIA 
Alabama  Space  Giant 


Consortium 

University  of  Alabama  in 

I hints vi Ik 

University  of  Alabama,  ILscalbosa 
University  of  Alabama  at 
Birmingham 

Alabama  A&M  University,  Normal 
Auburn  University 

Arti  a net  Space  Grant  College 
Consortium 

University  of  Arizona,  TBcson 
Northern  Arizona  University 
Flagstaff 

Arizona  State  University,  Tempt 

California  Space  Grant 
Consortium  and  Fellowship 
Program 

University  of  California,  Berkeley 
University  of  California  at  [.os 
Angeles 

University  of  California  at  San 
Diego 

Colorado  Space  Grant 
Consortium 

University  of  Colorado,  I bidder 
Colorado  State  University,  Port 
Collins 

University  of  Colorado,  Colorado 
Springs 

Tort  Lewis  College,  Durango 
Mesa  State  College,  Grand 
Junction 

University  of  Southern  Colorado, 
Pueblo 

Cornell  Space  Grant  College 
Consortium 

Cornell  University,  Ithaca,  NY 
Clarkson  University  Potsdam,  NY 

Florida  Space  Grant 
Consortium 

University  of  Florida,  Gainesville 
Florida  State  University, 
Tallahassee 

Florida  A&M  University, 
Tallahassee 
University  of  Miami 

Georgia  Institute  of 
Technology  Space  Grant 
Consortium 

Georgia  Institute  of  Technology, 
Atlanta 

Georgia  State  University,  Atlanta 
Clark  Atlanta  University,  Atlanta 
Tuskegee  University,  Ala. 


Aerospace  Illinois  Space 
Grant  Consortium 

Illinois  Space  Institute 
University  of  Illinois, 
Urbjma-Cliaim>ai£n 
Illinois  Institute  of  Technology, 

Chicago 

University  of  Chicago 
University  of  Illinois,  Chicago 
Northwestern  University, 

Evanston 

The  Johns  Hopkins  Spaco 
Grant  Consortium 

The  Johns  Hopkins  University; 
Baltimore 

Space  Telescope  Science 
Institute,  Baltimore 
Morgan  State  University, 

Baltimore 

Massachusetts  Institute  of 
Technology,  Cambridge 

Michigan  Space  Grant 
College  Program 

University  of  Michigan,  Ann  Arbor 
Michigan  Technological 
University,  ] loughcon 
Saginaw  Valley  State  University; 

University  Center 
Wayne  State  University;  Detroit 

Ohio  Aerospace 
Institute 

University  of  Akron 
Cleveland  State 
University' 

Ohio  State  University; 

Columbus 
University  of  Toledo 
Case  Western  Reserve 
University,  Cleveland 
University  of 
Cincinnati 
University  of  Dayton 
Ohio  University,  Athens 
Wright  State  University; 

Dayton 

Pennsylvania  State 
University, 

University  Park 

Rocky  Mountain 
Space  Grant 
Consortium 

Utah  State  University,  Logan 
University  of  Denver,  Colo, 
University  of  Utah,  Salt 
Lake  City 


bxas  Space  Grant 
Consortium 

University  of  Texas, 

Austin 

Terns  A&M  University, 
College  Station 
Baylor  University,  Waco 
Dt mar  University, 
Beaumont 
UT  Health  Science 
Center,  Houston 
UT  Health  Science 
Center,  San  Amonio 
UT  Southwestern 
Medical  Center 
Dallas 

University  of  Houston 
University  of  Houston  at 
Clear  Lake 

Texas  A&M  University  at 
Galveston 

Toxeis  A&M  University; 
Kingsville 

University < if  Toxels  at 
Arlington 

University  of  Texas  at  EL 
Faso 

University'  of  Texas  at 
Scin  Antonio 
University  of  Texjis  at 
Dallas 

Texas  Southern 

University,  I kmston 
Texas  Christian 
University;  Port 
Worth 

Rice  University, 

1 bus  ton 

Prairie  View  A&M 
University 

Southern  Methodist 
University,  Dallas 
Tfexas  Technological 
U nivers  icy;  Lu bbock 

Virginia  Space 
Grant  Consortium 

University  of  Virginia, 
Charlottesville 
College  of  William  and 
Mary;  Williamsburg 
Virginia  Poly  technical 
Institute  and  State 
University, 
Blacksburg 
I lampton  University 
Old  Dominion 

University,  Norfolk 

University  off 
Washington, 
Seattle 
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ALABAMA 

Auburn  University;  BALD 
Auburn,  AL  36849 
(205)  826-4000 

Community  College 
of  the  Air  Force:  A 
Maxwell  Air  Force  IJeisc,  AL 
56112 

(205)205-7847 

Tuskegee  University;  U 
Tuskegee,  AL  56088 
(205  ) 727-8011 

Unh'ersiiv  of  Alabama  in 
Huntsville:  BALD 
1 hmisville,  AL  35899 
(205)805-6120 

University  of  Akibumn;  BALD 
TBsculoosn,  AL  55401 
(205)  548-60 JO 

ARIZONA 

Arizona  Suite  University:  B,M 
Tempo,  ;\Z  86501 
(602)  9650255 

Embry-  Ri  del  le  Aeronaut  iea  I 
University:  Prescott  Campus:  B 
IVescott,  AZ  86301 
(602)  778-4150 

University  of  Arizona;  BALD 
Tuseon.  AZ  85721 
(602)  621-5257 

CALIFORNIA 

Azusa  lAiclfkj  University;  B 
Azusei,  CA  91702 
(818)969-3434 

California  Insititute  of 
Teehonology;  RALD,W 
Pasadena,  CA  91125 
(818)  356-6811 

California  Polytechnic  State 
University:  San  Luis  Obispo:  B 
Sail  Luis  Obispo,  CA  95407 
(805)546-0111 

California  State  Polytechnic 
University:  Pomona;  B 
Pomona,  CA  91768 
(714)869-2000 

Merced  College 
Merced,  CA  95348 
(209)  384- 601 X) 

Northrop  University;  1LM 
Ja>s  Angeles,  CA  90045 
(213)537-4413 


San  Bernardino  Valley 
College;  A 

San  Bernardino,  CA  92410 
(714)888-6511 

San  Diego  St:itc  University: 
BA  I 

Siiu  Diego,  CA  92182 
(619)594-5200 

Sun  .lose  State  University;  11 
San  .lose,  CA  95192 
(408)924-1000 

Southwestern  College;  A 
Chula  Vista,  CA  92010 
(619)421-6700 

Stanford  University:  M,I> 
Stanford,  CA  94305 
(415)  723-2300 

University  of  California 
Davis;  BAi 
Davis,  CA  95616 
(916)752-1011 

l>os  Armies;  BALD 
IjOS  Angeles,  CA  90024 
(213)825-4321 

University  of  Southern 
California;  B.M,D 
Los  Angeles,  CA  90089 
(213)743-2311 

West  Coast  University:  M 
440  Shat  to  Place 
Izjs  Angeles,  CA  90020 
(213)487-4433 

COLORADO 

United  States  Air  Force 
Academy;  B 

Colorado  Springs,  CO  80840 
(303)472-1818 

University  of  Colorado  ut 

Boulder;  I W) 

Boulder,  CO  80309 
(303)492-0111 

CONNECTICUT 

University  of  Connecticut; 

M,l> 

Starrs,  CT  06269 
(203)486-2000 

DISTRICT  OF  COLUMBIA 

George  Washington 
University;  MrD 
Washington,  DC.  20052 
(202)994-1000 

FLORIDA 

Evn  i hr  y-  Riddle  Aerot  lautieal 
University;  B,M 
Daytona  Beach,  FL  32014 
(904 ) 239-6000 

Florida  Institute  (Jf 
Technology;  B 
Melbourne,  FL  32901 
(407)  768-8000 


University  of  Central 
Florida;  B 
Orlando,  FL  32816 
(407)275-2000 

University  of  Florida;  BALD 
Gainesville,  FL  32611 
(904)392-3261 

GEORGIA 

Georgia  Institute  of 
Technology;  mil) 

Atlanta,  CA  30332 
(404)  894-4154 

Mercer  University;  B 
Macon,  GA  31207 
(912)  744-2700 

Middle  Georgia  College;  A 
Cochran,  GA  31014 

ILLINOIS 

Illinois  Institute  of 
Technology;  B 
3300  South  Federal  Street 
Chicago,  IL  60616 

(312)  567-3025 

Parks  College  of  St.  Izniis 
University;  B 
Giihokia,  I L 62206 
(618)337-7500 

Kiel i kind  Community 
College;  A 

100  North  Water  Street 
Decatur,  IL  62523 

University  of  Illinois  at 
Urhana-Ghampaign : BALD 
UrbEiua,  IL  61801 
(217)333-1000 

INDIANA 

Purdue  University;  BALD3V 
West  Lafayette,  IN  47907 
(517)  494-1776 

St.  Josephs  College;  B 
Rensselaer,  IN  47978 
(219)866-7111 

Tri-State  University;  li 
Angola,  IN  46703 
(219)665-314! 

University  of  Notre  Dame; 
BALD 

Notre  Dame,  IN  46556 
(219)239-5000 

IOWA 

Iowa  State  University  of 
Science  and  Technology; 
lULD 

Ames,  I A 5001 1 
(515)294-5836 


KANSAS 

Coffeyv  ille  Com  munitv 
College;  A 
11th  and  Willow 
Coffeyville,  KS  67337 
(316)  251-7700 

University  of  Kansas;  B,M,D 
Lawrence,  KS  66043 
(913)864-3911 

Wichita  State  University;  li,M 
Wichita,  KS  67208 
(316)6890085 

MARYLAND 

] Inward  Community 
College;  A 

Little  Patuxent  Parkway 
Columbia,  MD  21044 

United  States  HeiveiI 
Academy;  B 
Annapolis,  Ml)  21402 
(301)267-6100 

University  of  Maryland 
Baltimore  Gt unity;  MtD 
5401  Wilkens  Avenue 
Catonsville,  MD  21228 
(301)455-229! 

College  h irk:  BALD 
College  IVirk,  MD  20742 
(301)454-5550 

MASSACHUSETTS 

Boston  University;  B,M 
Com  mt uiwealt h Aven ue 
Boston,  MA  02215 
(617)353-2000 

liastern  Nuzarene  College;  B 
Will  as  ton  Lark 
Quincy  MA  02170 
(617)  773-6350 

Massachusetts  Institute  of 
Technology;  BAIAW 
Cambridge,  MA  02139 
(617)253-4791 

Northeastern  University;  B 
Boston,  MA  02115 
(617)  437-2200 

Simmons  College;  B 
300  The  Fenway 
Boston,  MA  02115 
(617)738-2000 

Stone  hi  1 1 College;  B 
North  Fasten,  MA  02356 
(617)238-1081 

Worcester  I ‘nlytedmie 
Institute;  B 
Worcester,  MV  01609 
(508)  831-5000 


University  of  Michigan;  BALD 

Ann  Arbor*  Ml  48109 

(313)  764-7433 

Western  Michigan 
University:  B 
Kalamazoo,  Ml  49008 
(616)383-1950 

MINNESOTA 

University  of  Minnesota; 

Ttoin  Cities;  B,M,D 
Minneapolis,  MN  55455 
(612)373-2144 

MISSISSIPPI 

Mississippi  State  University; 
B,M 

Mississippi  Kt:ite,  MS  39762 
(601 ) 325-2224 

MISSOURI 

St.  Ixmis  University;  B,M,D 
221  North  Grand  Blvd, 

St  Louis,  MO  63103 

(314) 658-2500 

University  of  Missouri: 
Columbia;  BALD 
Columbia,  MO  65201 
(314)882-2121 

Kolia;  BALD 
Kolia,  MO  65401 
(314)341-4164 

NEW  JERSEY 

Princeton  University  BALD 
Princeton,  N,l  08544 
(609  ) 452-3060 

Rutgers-The  State  University 
of  New  Jersey:  New  Brunswick 
Graduate  Campus;  M„D 
New  Brunswick,  NJ  08903 
(201 ) 932-3770 

NEW  YORK 

C irsr  University  of  New  York: 
City  College;  B 
Covenant  Avenue  ik 
West  138  Street 
New  York,  NY  10031 
(212)  690-69 77 

Columbia  University;  School 
of  Engineering  iuid  Applied 
Science;  M,D,\Y 
Broadway  & West  116  Street 
New  York,  NY  10027 
(212)280-2521 

Cornell  University;  M,D 
Ithaca,  NY  48103 
(607)  256-1000 

Dowling  College;  B 
Oakdale,  NT  11769 
(516)  589-6100 

New  York  Institute  of 

Technology;  B 

Old  Westbury,  NY  11568 


I y y teehnie  Univent  ity : 
Rrouklyn;  R,M,D 
333  .Juv  Street 
Hrookl'vn,  NY  1 1201 
(212)  643-2150 

Long  Island  Campus;  R 
RUM* 

Farmin&Iak  NT  11735 

Rensselaer  1 ’at  y teeh  n ie 
Institute;  RAM) 

TruVi  NT  12151 
(515)  370-6216 

State  Unhersity  of  New  Turk 
at  Ruft'ulo;  RAM) 

1300  K Im  wood  Av  enue 
Iki Halo.  NT  14222 
(716)575-5511 

Syracuse  University;  IUU) 
Syracuse,  NY  13210 
(315)  4230611 

United  States  Military 
Academy;  0 
West  ITtint.  NY  10006 
(014)035-4041 

University  of  Rochester;  M,l) 
Rochester,  NY  14627 
(716)275^1221 

NORTH  CAROLINA 

North  Carolina  State 
University;  H 
Raleigh,  NC  27650 
(010)  737*2434 

St.  AugustRiek  College;  0 
Raleigh,  NC  27611 
(010)  525-4451 

OHIO 

Air  Force  Institute  uf 
Technology;  M,D 
Wright- 1 Emerson 
jVi  r Force  Ruse 
Dayton.  Oil  45433 

Case  Western  Reserve 
University:  IUU) 

University  Circle 
Cleveland. Oil  44106 
(216)368-4450 

Ohio  State  University: 

Cnlu mbits  Campus;  RAM) 
Columbus,  Oil  43210 
(614)422-3080 

University  of  Cincinnati; 
RAM) 

Cincinnati,  Oil  45221 

(513)4754427 

University  of  Duvtutf;  M,D 
300  College  Dirk  Avenue 
Day  tun,  Oil  45460 
(513)220-4411 

OKLAHOMA 

Oklahoma  State  University;  U 
Stithy  iter,  QK  74078 
(405)624-6354 


Sou  the:  us  tern  Oklahoma  State 
University;  0 
Durum,  OK  74701 
(405)  024-0121  ext.  381 

University  uf  Oklahoma; 

1U1D 

Norm  tin,  OK  73010 
(405)325-225) 

PENNSYLVANIA 

I ’em!  State  University  Park 
Campus;  IIAI.D 
University  Park,  PA  16802 
(814)865-4700 

TENNESSEE 

Middle  Tennessee  State 
University;  M 
Mur  frees  horn,  TN  37132 
(615)  508-5555 

Mot  low  State  Community 
College:  A 

Tl  1 1 1 : i I i [ i i i i n , TN  37388 

Tennessee  Stale  University;  0 
Nashville,  TN  37203 
(615)320-3131 

Unh  ersStv  of  Tennessee: 
Knoxville;  RAID 
Knowillc,  TN  37006 
(615)  074-2501 

TEXAS 

Rice  University;  M,l  1 
ftlUOKuuth  Main 
Houston,  TX  77251 
(713)527-4036 

Texas  A&M  University;  llAJJ) 
Colley  Station,  TX  77843 
(713)845-1031 

University  of  Texas; 

AriirtStiHi;  101,0 
Arlington,  TX  76010 
(817)  273-3401 

Austin;  RAM) 

Austin,  TX  78712 
(512)471-1711 

VIRGINIA 

Mountain  Km  pi  re  Community 
College;  A 
Drawer  700 

Rig  Stone  Gap,  VA  24  2 19 

University  of  Virginia;  HAU> 
Rox  3728 
University  Station 
Charlottesville.  VA  22903 
(804)024-7751 

Virginia  Polytechnic  Institute 
and  Stare  University;  B,M,D 
Hiuekshvirg,  VA  241161 
(703)061-6267 


WASHINGTON 

Evergreen  State  College;  li 
Ohm  pin.  VVA  98505 
(206)866-6000 

University  of  Washington; 
RAID 

1400  Northeast  Campos  Wav 
Seattle,  WA  98105 
(206)  543-9686 

WEST  VIRGINIA 

West  Virginia  University: 

RAM) 

Morgantown.  WW  26506 
(304)293-0111 


AERONAUTICAL 

TECHNOLOGY 


ALABAMA 

Community  Cn  lie  the 
uf  the  Air  Force : A 
Maxwell  APR,  AL  361 12 

Ditrick  | lenr  v State  Junior 
College;  A 

Monroeville,  AL  36460 
(205)575-3156 

Wallace  State  Community 
College  at  llimeeville:  A 
llanecville,  Alabama  35077 
(205)353-6403 

ARIZONA 

Arizona  State  University;  RAt 
Tempe.AZ  55287 
(602)  965*3255 

CALIFORNIA 

Hukersfteld  College;  A 
I Inkers  field,  CA  93305 
(805)395-4011 

Chaffey  College;  A 
Rancho  Cueamongu,  CA 
01701 

[714)087-1737 

College  uf  the  lied  woods;  A 
Kureka,  CA  95501 
(707)443-8411 

Cyprus  College;  A 
Cvpress*  CA  90630 
( 714 ) 826-2220 

Kinjgs  River  Community 
College;  A 
Reed  lev,  CA  93654 
(209)638-3641 


Merced  College;  A 
Merced,  CA  95348 
(209)  384-6000 

MlraCosta  College;  A 
Oceanside,  CA  92056 
(619)  757-2121 

Mount  San  Antonio  College;  A 
Walnut,  GA  91789 
(714)594-5611 

Nor  i limp  University;  A.R 
Ijjs  Angeles.  CA  90045 
(213)337-4413 

Oh  lone  College;  A 
Fremont,  CA  04539 
(415)659-6000 

Orange  Coast  College;  A 
Costa  Mesa.  GA  92628 
(714)432-0202 

Sacramento  City  College:  A 
Sacramento,  CA  95822 
(916)  449-711 1 

Sun  Itemardlno  Valley 
College:  A 

S;ui  Ikimardino.  CA  92410 
(714)888-6511 

Sau  Diego  Miramar  College:  A 
,Scm  Diego,  CA  92126 
(619)  693-6800 

Santa  Rosa  .Junior  College;  A 
Sint  a Rosa.  CA  95401 
(707)527-4011 

Shasta  College;  A 
Redding,  Cj\  96099 
(916)225-4600 

iSoluno  Community 
College;  A 

Suisim  Citv,  CA  94555 
(707)  864-71  K)0 

Southwestern  College;  A 
Chula  Vista,  CA  92010 
(619)421-6700 

West  Los  Angeles  College-  A 
Culver  City.  CA  90230 
(213)836-7110 

COLORADO 

Aims  Cam  mum  tv  College;  A 
Greeley  CO  80632 
(303)330-8008 

Co  lurndo  Northwests  r n 
Com  mu  n It  v College;  A 
Range) y CO  81648 
(303)774-1160 

CONNECTICUT 

(Juinebaug  Valley 
Community  College;  A 
Danielson,  CT  06239 
(203)774-1 160 

Thames  Valley  State 
Technical  College;  A 
Norwich,  CT  06360 
(203)886-0177 


DELAWARE 

Delaware  Technical  and 
Community  College; 

Terry  Campus;  A 
1532  North  duPont  Railway 
Dover,  Delaware  19901 
(302)736-5321 

DISTRICT  Of  COLUMBIA 

University  of  the  District  of 
Columbia:  A 

4200  Cumiectieut  Ave , NVV 
Washington,  HC.  20008 
(202)  282-7300 

FLORIDA 

Ifruwnrd  Community 
Cnllege;  A 

Fort  Lauderdale,  FL  3-1301 
(305)761-7465 

K nibry  - Kiddie  Aetai  iaut  ie  a I 
University;  A,R 
Davtoiia  lieacM  I- L 32014 
(904)239-6000 

Gulf  Coast  Community 
College;  A 

Panama  Citv,  FL  32401 
(904 ) 769-1551 

Manatee  Community 
College:  A 

Rnidenton.  FL  34207 
(813)7554511 

M ia  m i - Dade  Coni  munitv 
College;  A 
Miami.  FL  33132 
(305)  347*3221 

GEORGIA 

Cl  avion  State  College:  A 
POJk  ix  285 
Morrow,  GA  30260 

HAWAII 

University  of  I Eawaii;  llonuluki 
Community'  College:  A 
Honolulu,  HI  96822 
(808)948-8207 

ILLINOIS 

Citv  Colleges  uf  Chicago; 
Richard  ,1,  Daley  College;  A 
3939  West  79th  Street 
Chicago,  I L 60652 

Ijewis  University;  A.H 
Route  53 

Rnmeoville,  IL  60441 
(815)838-0500 

Moody  lli  hie  Institute;  R 
820  North  MiSnlle  Drive 
Chicago,  I L 60610 

Parks  College  of  St,  Mans 
University;  A.R 
Cahokia,  IL 62206 
(618)337-7500 


Rock  Valley  College;  A 
Rockford,  I L 61 101 

Southern  Illinois  University 
Eit  Cnrbondale;  A 
Carbondale,  11,62901 
(618)  453-2121 

INDIANA 

Indiana  State  University;  AJI 
Terre  Haute,  IN'  47809 
(812)  222-631 1 

Purdue  University;  AtB 
West  Lifnyette,  IN  47907 
(317)  494-1776 

Vincennes  University;  A 
1(302  North  First  Street 
Vincennes,  IN  47591 
(812)  882-3350 

KANSAS 

Central  College:  A 
Mt'Pherson,  KS  67460 
(316)241-0723 

I lesston  College;  A 
Host  3000 
J [esston,  KS  67062 
(800)  835-2026 

Johnson  Countv  Community 

College : A 

12345  College  Blvd. 

Overland  Park,  KS  66210 

LOUISIANA 

Delgado  Community 
College;  A 

615  City  Farit  Avenue 
New  Orleans,  LA  70119 

Nieholls  State  University;  A 
Thiboduux,  LA  70310 
(504)446-8111 

MARYLAND 

Frederick  Community 
College;  A 
Frederick,  MD  21701 

Howard  Community 
College;  A 

Little  Patuxent  j^irkway 
Columbia,  MD  21044 

MASSACHUSETTS 

North  Shore  Community 
College;  A 
3 Essex  Street 
Beverly,  MA  01915 

Eoxbury  Community 
College;  A 
RoxhuryMA  02119 

Wentworth  Institute  of 
Technology;  A 
550  i luntington  Avenue 
Boston,  KL\  02115 
(617)  442-9010 


MICHIGAN 

Andrews  University;  A 
Berrien  Springs,  Ml  49104 
(616)471-7771 

Charles  Stewart  Mott 
Community  College;  A 
1401  Iwist  Court  Street 
Flint,  Ml  48503 

Ferris  State  University;  A 
Big  Rapids,  Ml  49307 
(616)  796-9971 

Jackson  Community 
College;  A 
Jackson,  Ml  49201 

Kirt land  Community 
College;  A 

Roseommon,  Ml  48653 

Lansing  Community 
College;  A 
419  North  Capitol 
Lansing,  Ml  48914 

Macomh  Comm  mini  tty 
College;  A 

Mt.  Clemens,  Ml  48044 

Southwestern  Michigan 
College;  A 
Cherry  Grove  Road 
Dowagiac,  Ml  49047 

Wayne  County  Community 
College;  A 

4612  Woodward  Avenue 
Detroit,  Ml  48201 

Western  Michigan 
University:  R 
Kalamazoo,  MI  49008 
(616)383-1950 

MISSISSIPPI 

East  Mississippi  Junior 
College;  A 
Seooba,  MS  39358 
(601)476-2111 

I finds  Communin'  College;  A 
Raymond,  MS  39154 
(601)857-5261 

MISSOURI 

Calvary  Bible  College;  A 
Kansas  City,  MO  64147 

Central  Missouri  State 
University;  A,B 
W’hrrcnshurg,  MO  64093 

(816)429-4111 

St.  lajuis  University:  A 
221  North  Grand  Blvd, 

St.  Louis,  MO  63103 
(314)658-2500 

NEW  HAMPSHIRE 

Daniel  Webster  College;  A 
University  Dr  he 
Nashua,  Nil  03063 
(603)  883-3556 


NEW  YORK 

State  University  of  New  York 
College  of  Technology  at 
Farmingdnle;  A 
Farrmngdafe,  NY  11735 
(516)420-2000 

NORTH  CAROLINA 

Guilford  Technical 
Community  College;  A 
5800  Friendly  Avenue 
Guildford  College,  NC  27410 
(919)292-5511 

Wayne  Community  College;  A 
1*0'  Box  8002 
Goldsboro,  NC  27530 

OHIO 

Itowlipg  Green  State 
University';  B 

Bowling  Green,  Oil  43403 
(419)372-2086 

Cincinnati  Technical 
College;  A 

570  Fas;  Ijeffets  Lane 
\*0  Box  570 
Springfield,  OJI  45501 

Cuyahoga  Community 
Colleger  Western  Campus;  A 
I 1000  Pleasant  Valley  Road 
Parma,  OH  44130 

Ohio  University;  A 
Athens,  01145701 
(614)  594-5174 

OREGON 

Line  Community  College;  A 
Eugene,  OR  97405 

PENNSYLVANIA 

Community  College  of 
Allegheny  County;  A 
Monroeville,  FA  15146 

SOUTH  CAROLINA 

Florence -Darlington 
Technical  College;  A 
1*0  Box  8000 
Florenee,  SC  29501 

TENNESSEE 

Motlow  State  Community 
College;  A 

Tullahoma,  TN  37388 

TEXAS 

Central  Texas  College;  A 
US  High  wav  190  West 
Killeen,  TX  76541 

(817)526-1211 

El  hist)  Community 
College;  A 
FO  Box  20500 
El  Diso,  TX  79998 


Lee  College;  A 
Baytown,  TX  77520 

Lelbiirneau  College;  A,B 
Longview,  TX  75607 
(214)753-0231 

Mountain  View  College;  A 
Dallas,  TX  75202 

Tarrant  Gouuty  Junior 
College;  A 

1400  The  Electric  Service 
Building 

Fort  Worth,  TX  76102 

Texarkana  College;  A 
Texarkana,  TX  75501 

Texas  State  Technical 
Institute;  Waco;  A 
Waco,  TX  76705 
(817)  799-361 1 

UTAH 

Dixie  College:  A 
225  South  700  East  St. 
Gcorge,  UT  84770 

Utah  State  University 
LiganrUT  84322 
(801)  750-1000 

VIRGINIA 

Northern  Virginia 
Community  College;  A 
8333  Little  Itiver  Turnpike 
Annandale,  VA  22003 

Tidewater  Community 
College;  A 

Portsmouth,  VA  23703 

WASHINGTON 

Big  Bend  Community 
College;  A 
28  th  and  Chanute 
Moses  Lake,  WA  98837 

Everett  Communitv' 
College;  A 

801  Wetmore  Avenue 
Everett,  WA  98201 

Green  River  Communitv' 
College;  A 
Auburn,  WA  98002 

South  Seattle  Community 
College;  A 

frfHHMftth  Avenue  SW 
Seattle,  WA  98106 

Spokane  Community 
College;  A 

North  1810  Greene  Street 
Spokane,  WA  99207 

YiUima  Valley  Community 
College;  A 
PC)  Box  1647 
\hkima,  WA  9890? 
(509)575-2612 


Alabama  Agricultural  and 
Mechanical  University;  B 
Normal,  AL  35762 
(205)859-7011 

ARIZONA 

University  of  Arizona;  BALI) 
Huntsville,  AL  35899 
(205)895-6120 

CALIFORNIA 

California  Institute  of 
Technology:  R,M,1\W 
lYtsudena,  CA  91125 

(818)356-6811 

Chahot  College;  A 
lhtyward,  CA  94545 
(415)  786-6600 

El  Cam  in  o College;  A 
Torrance,  CA  90506 
(213)  532-3670 

Fullerton  College;  A 
Fullerton,  CA  92634 
(714)  992-7000 

Modesto  Junior  College;  A 
Modesto,  CA  95350 
(209)575-6498 

Napa  Valley  College;  A 
Napa,  CA  94558 
(707)  253-3095 

Oh  lone  College;  A 
Fremont,  CA  94539 
(415)659-6000 

Pomona  College;  B 
Claremont,  GA  9171 1 
(714)  621-8000 

Saddleback  College;  A 
2H(M)  Marguerite  Dirkway 
Mission  Viejo,  CA  92692 
(714)582-4500 

Stm  Bernardino  Valley 
College;  A 

San  Bernardino,  CA  92410 
(714)888-6511 

San  Diego  State 
University;  UJH 
&m  Diego,  CA  92182 
(619)594-5200 

San  Francisco  State 
University;  13 
San  Franeisco,  CA  94132 
(415)338-1111 


Santa  Monica  College;  A 
Santa  Monica,  CA  90405 
(213)450-5150 

Scripps  College:  B 
Claremont,  CA  91711 
(714)  621-8000 

Southwestern  College;  A 
Chula  Visut,  CA  92010 
(610)  421-6700 

University  of  California: 
Berkeley;  BALD 
ISerkelev,  CA  94720 
(415)  642-6000 

i^os  j\ngeles;  liM,D 
Los  Angeles,  CA  90024 
(213)  H25-4321 

Santa  Cruz;  M,D 
Santa  Cruz,  CA  95064 
(408)4294)111 

University  of  Southern 
California:  B 
Los  Angeles,  CA  90089 
(213)743-2311 

CONN  ECT1  CUT 

Wesleyan  University;  ILM 
Middletown,  CT  06457 
(203)347-9411 

Western  Connecticut  State 
University:  B 
Danbury  CT  06810 
(203)797-4347 

Yale  University;  BALD 
New  Haven,  CT  06520 
(203)  432-4771 

DISTRICT  Of  COLUMBIA 

Howard  University;  H 
3400  6th  Street,  NW 
Washington,  D C.  20059 
(202)  636-6100 

FLORIDA 

Daytona  Bench  Community 
College;  A 

Davtuna  Beach,  FL  32015 
(904)255-8131 

University  of  Florida:  BALD 
Gainesville.  FL  32611 
(904)392-3261 

GEORGIA 

University  of  Georgia;  II 
Athens,  GA  30602 
(404 ) 453-5187 

Valdosta  State  College;  B 
Valdosta,  GA  31601 

(912)  247-3233 

HAWAII 

University  of  1 lawaii  at 
Manoa:  M,D 

2530  Dole  Street  C-200 
Honolulu,  HI  96822 
(808)  948-8111 


ILLINOIS 

Northwestern  University; 

BALD 

633  Clark  Street 
Evanston,  I L 60201 
(312)  492-7456 

University  of  Chicago:  BALD 
Chicago,  IL  60637 
(312)753-1234 

University  of  Illinois  at 
Urha  1 1 a -C  h a m pa  ign ; B,M , I ) 
Urban  a,  IL  61801 
(217)333-1000 

INDIANA 

Larlhum  College;  tt 
Richmond,  IN' 47374 
(317)962-6561 

Indiana  University 
Bloomington:  BALD 
Bloomington,  IN  47405 
(812)335-0661 

IOWA 

Drake  University!  It 
Dcs  Nkanes,  IA  50311 
(515)271-3182 

University  of  Iowa:  HrM 
Iowa  City,  IA  52242 
(319)353-3976 

KANSAS 

Benedictine  College:  B 
Atchison,  I^S  66002 

(913)367-5340 

University  of  Kansas;  B 
Diwrence,  KS  661  i43 
(913)864-3911 

LOUISIANA 

Louisiana  State  University 
and  Agricultural  a ltd 
Mechanical  College;  B 
Hsiton  Rouge,  LA  70803 
(504)388-1686 

MARYLAND 

Howard  Community 
College;  A 

Little  Patuxent  Hirkwav 
Columbia,  MD  21044 

Johns  Hopkins 
University;  B,D 
Baltimore,  MD  21218 
(301)338-8171 

University  of  Maryland: 
College  Bark;  BALD 
College  Dirk,  ML)  20742 
(301)454-5550 

MASSACHUSETTS 

Amherst  College:  U 
Amherst,  MA  01002 
(413)  543-2328 


Boston  University;  BALD 
Coi n n ion  wca Ith  /Wet iue 
Boston,  MA  02215 
(617)353-201)0 

Hampshire  College;  B 
Amherst,  MA  01002 
(413)549-4600 

Harvard  and  Raddiffe 
Colleges:  B 
Cambridge,  MA  02138 
(617)495-1551 

Massachusetts  Institute  of 
Tee h n olt  igy ; I CM,  I l.W 
Cambridge,  MA  02139 
(617)253-4791 

Mount  I lolvoke  College;  B 
South  1 1 ad  lev  MA  01075 
(617)538-2000 

Smith  College;  B 
Northampton,  MA  01063 
(413)584-270(1 

Tufts  University;  B 
Medford,  MA  02155 
(617)  628-0990 

University  of  Massachusetts 
at  Amherst:  BAUD 
Amherst,  MA  01003 
{413)545-0 222 

Welles  lev  College:  B 
Wellesley  MA  02181 
(617)235-0320 

MICHIGAN 

University  of  Michigan: 
BALD 

Ann  Arbor,  MI  48109 
(313)  764-7433 

Wayne  State  University;  U 
5980  Cass  Avenue 
Detroit,  MI  48202 
(313)577-3577 

MINNESOTA 

Man katu  State  University:  B 
Mankato,  MN  56001 
{800)722-0544 

Un  tvers  icy  of  Min  ncsotu : 

Tw in  Cities;  M 
Minneapolis.  MN  55455 
(612)373-2144 

MONTANA 

Montana  State  University:  B 
Bozeman,  MT  59717 
(406)994-2452 

NBIRASKA 

University  of 
Ne  hr  els  It  a - L i ncoln : BALD 
Lincoln,  NIC  68508 
(402)472-3601 


NEW  MEXICO 

New  Mexico  St;ite 
University;  M,D 
Las  Cruces,  NM  88003 
(505)646-3121 

NEW  YORK 

Colgate  University!  B 
Hamilton,  NY  13346 
(315.)  824-1000 

Columbia  University: 
Columbia  College;  B 
Broadway  8:  West  116  Street 
New  York,  NT  10027 
(242)  280-2521 

Cornell  University;  MtD 
Ithaca,  NT  48 103 
(607)  256-1000 

State  University  of  New  York 
[it  Stony  Brook:  B 
Stonv  Brook , NY  1 1794 
(516)246-5126 

University  of  Rochester;  DAY 
Rochester,  NY  14627 
(716)275-3221 

Vassar  College;  B 
Bough  keeps  ic,  NY  12601 

(914)452-7000 

NORTH  CAROLINA 

University  of  North  Carolina 
at  Chapel  1 1 ill;  BALD 
Chapel  Hill,  NC  27514 
(919)966-3621 

OHIO 

Case  Western  Reserve 
University;  BALD 
University'  Circle 
Cleveland,  Ol  144100 
(216)368-4450 

Mount  Union  College;  B 
Alliance.  UH  44601 
(216)821-5320 

Ohio  State  University: 
Columbus  Campus;  BALD 
Columbus, Oil  43210 
1M11422-3980 

Ohio  Wesleyan  University:  B 
Delaware,  Oil  43015 
(614)369-4431 

Ottcrhein  College;  B 
Westerville,  Ol  I 43081 
(614)890-3000 

University  of  Alt  mil;  B 
302  East  Buchtel  Avenue 
Alt  mu.  Oil  44325 
(216)375-7100 


University  of  Toledo;  D 
Tbledo.  01!  43606 
(419)537-2696 

Youngstown  State 
University;  B 
Yjungsiown.  Oil  44555 
(216)  742-3150 

OKLAHOMA 

University  of  Oklahoma;  E 
Norman,  OK  73019 
(405)325-2251 

PENNSYLVANIA 

Bryn  Mawr  College;  B 
Bryn  Mawr,  BA  19010 
(215)645-5152 

I laverfnrd  College;  B 
llaverford,  IA 19041 
(215)896-1000 

Lycoming  College;  B 
Williamsport,  IA  17701 
(717)326-1951 

Bean  State  University  Dirk 
Campus;  BALD 
University  Hark,  BA  16802 
(814)865-4700 

Swart  h mo  re  College;  B 
Swarthmore,  BA  19081 
(215)447-7300 

University  of  Pennsylvania; 
B,M,D 

Philadelphia,  IA  19104 
(215)243-7507 

University  of  Pittsburgh: 

BALD 

4200  Fifth  Avenue 
Pittsburgh'  IA  15260 
(412)624-4141 

Ml  la  n ova  University;  B 
Vi  I In  limit,  BA  19085 
(215)645-4000 

RHODE  ISLAND 

Brown  University:  B 
79  Waterman  Street 
Providence,  RJ  02912 
(401)863-2378 

TENNESSEE 

Vanderbilt  University;  BA  I 
Nashville,  TN  37212 
(615)322-2561 

TEXAS 

Austin  Community  College;  A 
BO  Box  2285 
Austin,  TX  78768 

Rice  University:  M,D 
6100  South  Main 
Houston,  TX  77251 
(713)  527-4036 

Kan  Antonio  College:  A 
San  Antonio,  TX  78284 


Tbxas  Christian  University;  E 
28<H)  University  Drive 
Fort  Worth.  TX  7612V 
{817)921-7490 

University  of  Texas  at  Austin: 
DyM.D 

Austin,  TX  78712 
{512)471-1711 

Western  Texas  College;  A 
Snyder,  TX  79549 
(915)  573*8511 

VERMONT 

Bennington  College;  LI 
Marlboro  College;  B 
Marlboro,  VT  05244 
(802)257-4332 

VIRGINIA 

University  of  Virginia;  RMJ) 
Box  3728  University  Station 
Charlottesville,  VA  22903 
(804)924-7751 

WASHINGTON 

Lower  Columbia  College;  A 
Longview,  WA  98032 

University  of  Washington;  B,MJ) 
1400  Northeast  Campus  Wav 
Seattle,  WA  98195 
(206)  543-9686 

Western  Washington 
University;  B 
EdlinghamrWA  98225 
(206)  676-3001) 

Whitman  College;  B 
Walla  Walla,  WA  99362 
(599)527-5176 

WISCONSIN 

University  of  Wisconsin: 
Madison ; M,l) 

140  Peterson  Building 
750  University  Avenue 
Madison,  Wl  54408 

WYOMING 

University  ol  Wyoming;  B 
Laramie,  WY  82070 
(307)  766-5160 


ASTROPHYSICS 


*■  ^ffAMA 

Auburn  University;  MtD 
Auburn,  AI,  36849 
{205)  826-4000 


ALASKA 

University  of  Alaska 
Fairbanks;  MJ) 

Fairbanks,  Alaska  99775 
(907)474-7112 

CALIFORNIA 

8un  FVaneisco  State 
University;  B 
San  Francisco,  CA  94132 
(415)3384111 

University  of  California: 

Santa  Cruz;  MJ> 

Santa  Cruz,  CA  95064 
(408)  429-0111 

ffltORflPO 

University  of  Colorado  at 
Boulder;  D 
Boulder,  CO  80309 
(303)4924)111 

CONNECTICUT 

Wesleyan  University;  IU1J) 
Middletown,  CT  06457 
(203)347-9411 

DISTRICT  Of  COLUMBIA 

I Inward  University;  I) 

2400  6th  Street,  NW 
Washington,  D.C,  20059 
(202)636-6100 

GEORGIA 

Georgia  State  University;  1) 
University  Pliizil 
Atlanta,  Georgia  30303 

(404)658-2000 

ILLINOIS 

Northwestern  University;  B 
622  Clark  Street 
Evanston,  1L  60201 
(312)492-7456 

University  of  Chicc(go; 
Chicago,  I L 60637 
(312)753-1234 

INDIANA 

Indians;  University 
Bloomington;  1) 

Bloomington,  IN  47405 
(812)335-0661 

Purdue  University;  M 
West  Lafayette,  IN  4 7907 
(317)  494-1776 

IOWA 

Iowa  State  University  of 
Science  and  Technology;  MJ> 
Ames,  Jowa  50011 
( 515 ) 294-5836 


MASSACHUSETTS 

Boston  University;  H 
Com  mot  i weal  t h Avenue 
Boston,  Muss.  02215 
(617)353-2000 

Massachusetts  Institute  of 
Tbchnology;  B,M,D,W 
Cambridge,  Mass.  02139 
(617)253-4791 

TUfts  University;  M,D 
Medford,  Mejss,  02155 
(617)  628-0990 

Williams  College:  B 
Williams  town,  Mass.  (11267 
(413)597-2211 

MICHIGAN 

Miehigun  State  University;  B 
East  Lansing,  Mich.  48824 
(517)355-8332 

MINNESOTA 

University  of  Minnesota; 

Tvin  Cities;  BJ) 

Minneapolis,  Minn,  55455 
(612)373-2144 

MON1ANA 

Montana  State  University:  B 
Bozeman,  Montana  59717 
(406)994-2452 

NEW  JERSEY 

Princeton  University;  BJ) 
Prineeton,  NJ  08544 
{609)452-3060 

NEW  MEXICO 

New  Mexico  Institute  of 
Mining  and  leehnology:  B.M.I) 
Socorro,  NM  87801 
(505)835-5424 

University  of  New  Mexico:  H 
Albuquerque,  NM  87131 
(505)277-0111 

NEW  YORK 

City  of  New  York; 

Brooklyn  College;  B 
Bedford  Avenue  & Avenue  II 
New  York,  NY  11210 
(212)  780-5485 

Gtggate  University;  B 
Hamilton,  NY  13346 
(315)824-1000 

Columbia  University- 
Columbia  College:  B 
Broadway  & West  116  Street 
Newark,  NY  10027 
{212)280-2521 

Cornell  University;  MJ) 
ithuca,  XV'  48103 
(607)  256-1000 


United  States  Military 
Academy;  B 
West  Point,  NY  10996 
(914)938-4041 

OHIO 

University  of  Akron:  B 
302  Fast  Uuehtel  Avenue 
Akron,  Ohio  44325 
(216)375-7100 

OKLAHOMA 

University  of  Oklahoma;  B 
Norman,  OK  73019 

(405)325-2251 

OREGON 

University  of  Oregon;  M,l) 
Eugene,  OR  97403 
(503)686-3201 

PENNSY1VANIA 

University  of  Pennsylvania; 
MJ) 

Philadelphia,  Penn.  19104 
(215)243-7507 

RHODE  ISLAND 

Brown  University;  B 
79  Waterman  Street 
Providence,  Id  02912 
(401)863*2378 

VERMONT 

Bennington  College;  It 
Bennington,  VT  05201 
(802)442-5401 

Marlboro  College;  il 
Marllxiro,  VT  05344 
(802 ) 257-4333 

VIRGINIA 

University  of  Virginia;  B 
Box  3728  University  Station 
Charlottesville,  VA  22903 
(804)924-7751 

WISCONSIN 

University  of  Wisconsin : 
Madison;  B 
140  Peterson  Building 
750  University  Avenue 
Madison,  Wl  54408 
(608)2620961 

WYOMING 

University  of  Wyoming;  B 
Laramie,  WY  82070 
(307)766-5160 


ARIZONA 

University  of  Arizona;  MJ) 
Tbseon,  AZ  85721 
(602)  621-3237 


Cal ifor nia  Institute  of 
Teehuology;  B,D 
Pasadena,  CA  91125 
(818)356-6811 

COLORADO 

University  of  Colorado  at 
Boulder;  MJ) 

Boulder,  CO  80309 
(303)492-0111 

FLORIDA 

Florida  institute  of 
Technology;  B,M 
Melbourne,  FL  32901 
(407)  768-8000 


MARYLAND 


Johns  Hopkins  University; 
KMJ) 

iki  lei  more,  MD  21218 
(301)338-8171 

MASSACHUSETTS 

Massac  h user  ts  I nst  itu  te  of 
Technology;  ILMJ) 
Cambridge,  MA  02139 
(617)253-4791 

MONTANA 

Montana  State  University;  B 
Bozeman,  MT  59717 

(406)994-2452 

TEXAS 

Tyler  .Junior  College;  A 
PO  Box  9020 
IVIer,  TX  75711 

VIRGINIA 

University  of  Virginia;  M 
Box  3728  University  Station 
Charlottesville,  VA  22903 
(804)924-7751 

WASHINGTON 

Eitstern  Washington 
University;  B 
Chanev.  WA  99004 
(509)359-2397 


The  Job  Market 


Space  Careers 


So  you’re  ready  to  join  the 

space  program.  You  have  the 
skills  you  need  to  get  involved, 
or  you’re  in  the  process  of 
acquiring  them.  You  get  so 
excited  picturing  yourself  as  part  of  this 
grand  adventure  that  sometimes  you  can’t 
get  to  sleep  at  night. 

Now  what? 

The  late  Bart  Giamatti,  former  major 
league  baseball  commissioner,  once  said, 
'There  are  many  ways  to  love  baseball. 
There  are  many  routes  to  the  game  The 
same  thing  is  true  of  the  space  program. 
Fewer  than  a thousand  humans  will  make 
the  trek  into  Earth  orbit  before  centuryk 
end.  About  the  same  number  will  sit  in 
launch  and  mission  control  rooms.  But 
behind  every  one  of  them  will  be 
thousands  of  supporting  players,  ranging 
from  secretaries  to  senior  engineers. 

Despite  its  often  glorious  goals  and 
awesome  achievements,  space 
exploration  is  primarily  a business.  “The 
things  you’d  expect  to  see  in  any 
production  industry  are  needed  here,” 
says  Bill  Leach,  senior  personnel  manager 
tor  the  space  systems  division  of  Boeing 
Aerospace  & Electronics  Company.  “A 
broad  range  of  disciplines  is  required,” 

Of  course,  industry  isn’t  the  only  road 
that  will  lead  you  into  space,  NASA  and 
the  Department  of  Defense  are  world 
leaders  in  aerospace  research  and 
development  (R&D);  the  Departments  of 


Transportation,  Commerce  and  Energy 
also  have  limited  but  significant  roles, 

WHERE  THE  BUCKS  STOP 

The  United  States  spends  about  #28 
billion  a year  on  space  development, 
research,  exploration  and  marketing. 

Most  of  that  amount  is  forked  over  by  the 
federal  government;  the  remainder  is 
spent  by  industry  on  private  space 
projects  and  communications  satellites, 
and  by  consumers  on  space-related 
merchandise  such  as  hooks,  clothing, 
videos  and  museums. 

About  40%  of  govern ment  space 
expenditures  go  to  NASA  for  non-military 
R&D  and  space  operations.  Another  60% 
is  channeled  to  the  military  for  defense, 
and  a small  amount  goes  to  other 
government  space  programs  such  as  the 
weather  satellites  operated  by  the 
National  Oceanic  and  Atmospheric 
Administration  (NOAA). 

NASA  spends  half  of  its  money  on 
research  at  the  agency’s  field  centers 
around  the  country,  while  the  other  half 
is  used  for  support  contracts  (Lockheed, 
for  example,  processes  the  space  shuttle 
between  flights)  and  major  hardware 
procurement.  The  Defense  Department 
dishes  out  the  majority  of  its 
appropriations  to  thousands  of  defense 
contractors  and  supporting 


subcontractors.  The  moral  of  the  story?  5 
The  jobs  are  where  the  money  is.  ^ 

WHERE  THE  JOBS  ARE 

There  are  currently  more  than  200,000 
jobs  tied  to  NASA  projects  alone,  and  that 
doesn’t  count  careers  in  private  and 
military  space  programs.  Herek  where  to 
look  to  find  one  for  yourself: 

THE  “GIANTS”  (50%}:  The  companies 
whose  names  are  synonymous  with 
big-time  space.  General  Dynamics, 

Hughes,  Lockheed,  McDonnell  Douglas, 
Boeing,  Martin  Marietta,  IBM  and 
Rockwell  are  among  the  heavy  hitters  in 
the  United  States.  COMSAT  doesn’t  build 
anything  — its  financial  punch  comes 
from  its  worldwide  network  of 
communications  satellites.  Arianespace, 
which  builds  and  markets  the  Ariane 
launch  vehicle,  is  the  major  non-U.S. 
player. 

“SMALL”  INDUSTRY  (40% ):  Mostly 
subcontractors  and  suppliers  of 
aerospace  equipment,  they  come  in  all 
sizes.  TRW,  Harris,  LTV  Hercules,  GE 
Astrospace,  Ford  Aerospace  and 
Sundstrand  are  some  of  the  best-known 
corporations.  These  companies  work 
extensively  on  government  contracts,  but 
rarely  are  primary  contractors  by 


□ 


HEHB  STOKES 


The  field  is  competitive,  but  large  com 


themselves  on  major  aerospace  projects 
like  the  shuttle  or  space  station  Freedom. 

NASA  (about  3%):  Includes  NASA 
Headquarters  in  Washington  and  the 
NASA  centers  and  affiliates  around  the 
country 

MILITARY  GOVERNMENT  (less  than 
3%):  Civilian  and  military  personnel  in 
the  Air  Force  space  and  satellite 
commands  and  in  the  Department  of 
Defense. 

ENTREPRENEURS  (less  than  3%):  These 
are  companies  primarily  in  the 
commercial  space  business.  The 
best-known  names  are  Orbital  Sciences 
Corporation  (OSC),  Space  hab,  AMROC 
and  Space  Services,  Inc. 

NON-MILITARY  GOVERNMENT  (less 
than  1%):  Includes  such  programs  as 
resource  mapping  by  the  Department  of 
the  Interior  using  remote  imaging 
satellites  and  satellite  weather  studies  by 
NOAA. 


SPACE  RELATED  MERCHANDISING 
(less  than  1%):  Employers  such  as  space 
museums,  space  magazines,  and  space 
novelty  manufacturers. 


YOUR  FIRST  SMALL  STEP... 

Getting  your  foot  in  the  aerospace  door 
may  seem  somewhat  intimidating  The 
field  is  highly  competitive;  government 
and  industry  both  try  to  attract  top 
graduates  and  the  “best  and  brightest” 
people  with  some  experience. 

If  you’re  convinced  that  a space  career 
is  for  you,  there  are  things  you  can  do  to 
better  your  chances  of  being  hired. 
Experience  helps,  but  it  isn't  necessary 
Up  to  two- thirds  of  all  vacant  professional 
positions  are  filled  by  people  with  little  or 
no  experience. 

It's  a good  idea  to  do  your  homework 
on  the  aerospace  field  if  you’re  short  on 
direct  experience.  “Budget  estimators 
need  to  know  how  the  space  industry 
works  in  order  to  make  accurate 
projections,"  Carol  Lawrence  of  General 
Dynamics  says,  “and  materials  inspectors 
need  to  know  what  materials  arc 
appropriate  for  space.” 

Even  if  youVe  just  started  college,  run, 
don’t  walk,  to  the  placement  office  on 
campus.  Many  aerospace  companies  have 
co-operative  education  programs  that 
give  you  a chance  to  gain  some 
experience  early,  and  co-op  students  often 
become  employees  upon  graduation. 

Ai  Borman  n,  corporate  director  of 
college  relations  for  Rockwell 
International,  suggests  you  stop  by  the 
placement  office  early  even  if  you  aren  r 
interested  in  co-op  programs.  “Students 
must  understand  early  on  what  it  is  the 
companies  are  socking/’  he  says.  “They 
should  beat  a path  to  the  career  planning 
center  to  find  out.  The  corporations  view 
these  as  their  major  connections  on 
campus.” 

Youll  probably  be  surprised,  says 
Bor  man  11,  to  find  that  you  don't  need  an 
aerospace  engineering  degree  per  se  to 


have  a space  career.  “A  large  portion  of 
our  employees  aren't  aerospace 
engineers,”  notes  Bormann.  “We  have  a 
very  systems-oriented  structure,  so 
many  disciplines  come  into  play.” 

Rockwell  is  typic&l  of  the  space 
industry  “giants.”  The  company  hires 
more  electrical  engineers,  mechanical 
engineers,  and  computer  specialists  than 
aerospace  engineers.  Bormann  says  that 
materials  scientists,  civil  engineers  and 
chemical  engineers  also  are  in  demand. 

Nancy  Kimerly,  manager  of 
professional  staffing  at  General  Dynamics 
Space  Systems  Division,  reports  that  her 
division  follows  a similar  hiring  pattern. 
She  adds  that  the  company  also  seeks 
safety  engineers,  manufacturing 
engineers,  test  and  evaluation  engineers 
and  quality  control  engineers. 


WHAT  IF  YOU'RE  NOTAN  ENGINEER 
OR  SCIENTIST? 

If  the  preceding  litany  of  “engineers”  and 
“scientists”  has  you  buffaloed,  don’t  be. 
You  don't  need  a technical  degree  to  work 
in  the  aerospace  field;  some  positions,  in 
fact,  don’t  require  a degree  at  all. 

Bill  Leach,  senior  personnel  manager 
for  the  space  systems  division  of  Boeing 
Aerospace  & Electronics  Co.,  says  theres 
a rule  of  thumb  for  the  aerospace 
industry:  engineers  and  technicians  are 
only  one-third  of  the  work  force.  The 
remainder  are  non-technical  support 
personnel 

Eor  companies  specializing  in  design, 
the  percentage  of  technical  employees  is 
slightly  higher;  for  production  companies 
that  turn  out  pieces  of  hardware,  the 
percentage  of  technical  types  may  be  as 
low  as  10-15  percent. 

The  non -engineering  staff  of  a 
“typical”  space  company  is  composed  of 
10-20  percent  professional  employees 
such  as  managers,  salespeople  and 
contract  administrators.  Technical, 
non -professional  employees  such  as 
mechanics,  electricians  and  drafters 


parties  hire  hundreds , 


account  for  another  5-10  percent.  And 
usually,  at  least  half  of  an  aerospace 
employer’s  work  force  are  non-  technical, 
non-professional  staffers:  personnel 
specialists,  engineering  records  employees, 
secretaries  and  assembly  workers. 


CHOOSING  YOUR  TARGET 

Most  companies  are  hiring,  even  those 
that  don’t  advertise  vacant  positions.  As 
primary  contractor  on  the  space  station 
crew  habitat  and  lab  module,  Boeing 
Aerospace  and  Electronics  in  Huntsville, 
Alabama  currently  employs  900  people, 
and  that  number  is  growing  steadily. 
Rockwell  International  has  more  than 
150  people  working  on  the  space  shuttle 
and  about  120  working  on  space  station 
Freedom.  General  Dynamics  Space 
Systems  Division  recently  advertised 
opening^  in  more  than  fifty  career  fields. 

If  a firm  is  doing  well,  it  hires  steadily 
to  replace  departing  employees.  This 
“turnover”  hiring  often  is  done  from 
resumes  on  file,  so  employment  officers 
usually  are  willing  to  look  at  your  resume. 

You  w'on’t  be  alone,  of  course.  Nancy 
Kimerly  of  General  Dynamics  reports  that 
her  office  reviews  500-700  resumes  each 
week.  At  Rockwell,  that  number 
approaches  1000  during  the  spring  and 
fall  hiring  seasons.  Therek  no  denying 
that  space  industry  hiring  is  competitive, 
but  its  a pretty  large  pond:  large 
aerospace  companies  hire  hundreds, 
even  thousands,  of  people  each  year. 

For  best  results,  Rockwells  A1 
Borman n suggests  resumes  be  sent  in 
September  for  the  fall  hiring  cycle,  and  in 
February  for  the  spring  cycle.  He  adds 
that,  despite  the  efforts  of  his  staff, 
resumes  and  cover  letters  frequently 
become  separated  So  be  sure  all 
pertinent  information  (such  as  the 
position  you  are  seeking,  the  date  you  will 
be  available  for  employment,  home  and 
w'ork  phone  numbers  and  home  address ) 
is  on  your  resume. 

Bormann  also  advises  that  college 


grades  need  only  be  good,  not  necessarily 
ou  ts  ta  nd  i ng — com  mu  nication  and 
leadership  skills  are  equally  important. 

ROUND  PEG,  SQUARE  HOLE? 

The  tremendous  size  and  sophistication 
of  space  projects  makes  it  only  natural 
that  large  companies  get  most  of  the 
contracts  and,  subsequently,  do  most  of 
the  hiring.  But  perhaps  you  don’t  see 
yourself  as  a corporate  tiger  with  a huge, 
“impersonal”  company. 

For  every  “giant”  there  are  dozens  of 
small  subcontractors  providing 
specialized  products  and  services.  For 
example,  Space  Industries,  near  Houston, 
Tbxas,  is  designing  the  space  station’s 
free-flying  platform  using  a mere  35 
people.  At  ARINC  Research  Corp  in 
Colorado  Springs,  Colorado,  it  takes  just 
a few  hundred  employees  to  design 
satellite  tracking  stations  and  ground 
control  systems.  In  addition,  even  the  big 
boys  have  small  divisions  scattered 
around  the  country. 

The  idea  of  living  in  California  or 
Florida  doesn’t  appeal  to  you?  Then  try 
Utah,  Missouri,  Ohio,  Delaware — or  just 
about  any  other  state.  Tb  find  aerospace 
companies  in  a particular  area,  contact 
the  states  aeronautics  division  (usually  in 
the  department  of  transportation ) or 
the  local  chapter  of  any  space  society. 

CHANGING  CAREERS 

Even  if  youVe  been  counting  beans  or 
making  widgets  for  a number  of  years,  you 
still  may  be  able  to  fashion  a career  in 
space.  Many  business  and  manufacturing 
skills  are  directly  transferable;  if  you’re 
not  too  old  to  change  jobs  within  a 
particular  industry,  you’re  not  too  old  to 
join  the  aerospace  field. 

A space  career  isn’t  a panacea, 
however.  If  you’re  genuinely  discontent 
with  the  type  of  work  you  do,  doing 
something  comparable  in  the  space  arena 


probably  wfon’t  help  matters.  A young 
engineer  recently  quit  his  job  as  a 
thermal  analyst  for  Lockheed,  even 
though  he  w'as  working  for  NASA  on 
several  hot  programs. 

“I  worked  on  a bunch  of  different 
projects,”  he  says,  “but  I did  the  same 
exact  thing  on  each  one.  They’d  give  me 
some  numbers  and  I’d  crunch  them.  Day 
after  day.  I just  got  sick  of  it.” 

THE  BOTTOM  UNE 

You  know  a career  in  aerospace  is  for  you, 
so  start  finding  your  route  to  the  stars  now. 

• If  you’re  a high  school  or  college 
student,  tailor  your  curriculum  to 
make  yourself  appealing  to  a 
prospective  government  or  private 
employer.  Play  to  your  strengths;  if 
math  and  science  leave  you  hopelessly 
lost,  there  are  numerous  business 
majors  that  are  just  as  valuable  to 
aerospace  corporations. 

• Read  everything  you  can  get  your 
hands  on  about  space.  Don’t  focus 
exclusively  on  present  and  future 
programs,  or  just  on  NASA. 

• Get  some  firsthand  knowledge  as  well. 

Tirv  to  find  someone  w'hok  already 
working  in  the  space  career  you’d  like  to 
follow;  and  find  out  what  it’s  really  like. 

They  may  be  able  to  “network”  you  into 

a position  if  you  have  the  right  background. 

• You  have  about  ten  seconds  to  catch  a 
prospective  employers  attention  with  a 
cover  letter  and  resume  before  you’re 
put  into  the  "INTERVIEW”  or 
“REJECT”  pile.  If  you’re  turned  down, 
try  to  discover  the  reason.  Is  it  your 
background,  or  merely  your  presentation? 

• Remember  that  a space  career  is  not 
just  an  adventure,  it’s  a job.  Make  sure 
it’s  w'hat  you  want  to  do  for  the  next 
forty-plus  years,  forty-plus  hours  a week. 


□ 


AEROSma  COMPANIES 

Many  corporations  do  not  have  a 
designated  “mail  stop"  or 
department  number  for  their 
personnel  or  human  resources 
division.  Where  no  specific 
employment  address  is  indicated, 
the  company  suggests  that  you 
simply  send  yonr  resume  to  the 
attention  of  “Personnel." 

Aerojet  General 
PG.  box  13222 
Sacramento,  CA  95813 
Racket  motors,  advanced 
propulsion  concepts 

Allied-Signal  Aerospace 
Company 

(Includes  Ai  Research,  Garrett 
Fluid  Systems  and  Bend  Lx  Field 
Engineering) 

2525  W 190th  Street 
Torrance,  CA  90509 
fracking,  communications, 
space  shuttle  operations 

American  Rocket  Company 
(AM  ROC) 

847  Flvrm  Road 
Camarillo,  CA  93010 
Private  launch  vehicle  and 
payload  services 

Arianespace 

Attn:  Jaoque  Were  chine 

Boulevard  de  UEurope 

BP  177  Evry 

9 LOO  FRANCE 

Builds  and  markets  Ariane 

booster;  facilities  in  France  and 

Kourou,  French  Guiana 

ARiNC  Research  Corporation 
Attn:  Professional  Staffing 
Dept,  393 

4410  E.  Fountain  Blvd.  #100 
Colorado  Springs,  CO  80916 
Systems  mgineering,  satellite 
tracking  and  control 

Atlantic  Research  Corporation 
1375  Piccard  Drive 
Rockville,  MD  20850 
Small  rocket  motors,  defense 
systems,  NASA  support 
contractor 

Ball  Aerospace  Systems  Group 

Human  Resources 

Dept.  53775 

PO.  Box  1062 

Boulder,  CO  80306 

Major  subcontractor  to  NASA* 

Dot) 

Battel  le  Columbus  Laboratories 
505  KingAve. 

Columbus,  Oil  43201 
Research  and  development, 
operates  advanced  materials 
center  for  NASA 


Boeing  Employment  Center, 

MS  31-13 
PQ.  Box  3707 
Seattle,  WA  98124 
Aerospace  & Electronics 
Company  is  space  station 
contractor,  military  space 
supplier 

CAE-  Link  C or  pc  j rat  ion 
2224  Ray  Area  Blvd. 

Houston,  TX  77058 
Aerospace fligh  t si  mula  tors 

CEC  Instruments 
955  Overland  Court 
San  Dimas,  CA  91773 
Pressure  and  vibration  sensors 

Communications  Satellite 
Corpu  ra  t i on  ( COM  SAT ) 

850  IJEnfant  Plaza,  SAV 
Washington,  DC  20024 
Manages  satellite 
teleco  nut  i u n icon  iot  is  network 

Computer  Sciences  Corporation 
2100  liast  Grand  Avc, 

El  Segundo,  CA  90245 
Computer  systems  technology , 
software  develop i n entfo r NASA 
and  other  government  agencies 

CONATEC,  Inc. 

PO.  Box  171 
Glendale,  MD  20769 
Private  suborbital  launch 
vehicle  services 

Conte!  ASC 
1801  Research  BJvd. 

Rockville,  MD  20850 
Operates  Docking  and  Data 
Relay  Satellite  System  (TURNS) 
for  NASA 

EOSAT 

4300  Forbes  Blvd. 

Lanham,  Ml)  20706 
Markets  LANDSAT  data 

E- Prime  Aerospace  Corporation 
PC.  Box  792 
Titusville,  FL  32781 
Private  launch  vehicle  and 
payload  services 

E-Systems,  Inc 
Attn:  Staffing 
PO.  Box  1056 
Greenville,  TX  75401 
Electronics  for  FLTSATCOM, 
MILSm^NAVSTAR 

External  Tanks  Corporation 
(F/rCO) 

1877  Broadway 
Boulder,  CO  80302 
Proposes  use  of  shuttle  external 
tanks  as  orbiting  research 
platforms 


Fairchild  Space  Company 
20301  Century  Blvd. 
Germantown,  MD  20874 
Defense,  NASA  subcontractor 

Ford  Aerospace 
Space  Systems  Division 
MS  D-03 

3825  Fabian  Way 
Palo  Alto,  CA  94303 
Space  station  power  systems, 
spacecraft  electro-apt  iced 
systems 

GE  Astros  pace 
Employee  Relations 
Dept  NTB 
PO,  Box  800 
Princeton,  N,l  08543 
Designs  and  manufactures 
satellites,  space  station  truss 

General  Dynamics 
Space  Svstems  Division 
MS  21-7143-FF 
PQ.  Box  85990 
Sim  Diego,  CA  92138 
Builds  Atlas-Centaur  launch 
vehicle,  space  station  jxtwer 
system 

Geostar  Corporation 
1001  22nd  Street,  N.W. 
Washington,  DC  20036 
Owner-operator  of  Global 
Positioj  i ing  Systet  n satelli  te 
message  relay  ami  locator 
system 

Global  Outpost,  Inc. 

6836  Deer  Run  Drive 
Alexandria,  VA  22306 
Proposes  use  of  shuttle  external 
tanks  as  orbiting  research 
platforms 

Grumma n Gt  >r porat ion 
1111  Stewart  Ave. 

Bethpuge,  NY  11714 
Built  lunar  module, 
su  bean  tractor  for  Orbital 
Ma r leuvetir  ig  Vel ride 

GTE  Spaeeuet  Corporation 
1700  Old  Meadow  Rd. 

McLean,  VA  22102 
Owner-opera  tor  of 
conmumieoficms  saretffre 
network 

1 larris  Corporation 
Electronic  Svstems  Sector 
PO.  Box  37 
Melbourne,  FL  32902 
Space  station  subcontractor. ; 
flight  simulators,  ground 
support  com munications 
systems  at  Kennedy  Space 
Center 


I lereules  Aerospace  Co. 

Attn:  Human  Resources 
PO.  Box  98 
Magna,  UT  84044 
Racket  motors  and  associated 
electron  ics,  acrosjxtce 
composite  n ui  terials 

Honeywell,  Inc. 

Space  Systems  Group 
Attn:  Staffing 
13350  U.S.  Hwy  195 
Clearwater,  FL  33516 
Computers  and  electronics, 
satellite  systems 

Horizon  Aerospace 

18333  Egret  Bav  Blvd.  #300 

Houston,  TX  77058 

Payload  planning  and  program 

development 

I lughes 

Space  and  Communications 
Group 

Bldg.  F40,  Mail  Stop  T371 
Los  Angeles,  CA  90009 
Commutucarirms  satellites  and 
electronics 

Inmarsat 

Attn:  Engineering  and  Process 

Recruitment 

PA  Consulting  Group 

Hyde  I ’ark  House 

60a  Knights  bridge 

London  SW1X  7LE 

UNITED  KINGDOM 

International  Maritime  Satellite 

organization 

IBM 

Federal  Svstems  Division 
Oswego,  NY  13827 
hfonnation  ws  terns  and 
management 

I nstrumentat  ion  Technology 
Associates,  Inc. 

99  Great  Valley  I'kwy 
Malvern,  PA  19335 
Engineering  services , payload 
integration  for  shuttle  “Getaway 
Specia l” canisters,  II itchh iker 
and  middeck  lockers 

Raman  Aerospace  Corporation 
Old  Windsor  Rd 
Bloomfield,  CT  06002 
Attn:  Employment  Office 
Mostly  defense  and  rotorcraft 
work;  some  space  eon  tracts 

Lockheed  Missiles  & Space  Co. 
Attn:  Employment 
PO.  Box  3504 
Sunnyvale,  CA  94088 
Space  station,  shuttle 
components,  shuttle  processing 


If  being  an  astronaut  is  still  the  only 
job  for  you,  hero's  who  to  write:  Astronaut 
Selection  Office,  Mail  Code  AHX,  Johnson 
Space  Center,  Houston  7?05a  NASA 
takes  applications  for  pilot  astronauts 
and  mission  specialists  on  a continuing 
basis,  with  selections  made  about  every 
two  years. 

you’ll  need  at  feast  a bachelor’s  degree 
in  engineering,  biological  science, 


physical  science  or  math.  Mission 
specialists  must  also  have  three  years  of 
related  professional  experience,  while 
pilot  candidates  need  to  have  logged  at 
least  1,000  hours  in  command  of  jet 
aircraft. 

Remember,  though,  these  are  the 
minimums.  "Astronaut”  is  one  of  the  most 
desirable  job  titles  in  the  world,  and  only 
the  most  qualified  are  chosen. 


LTV  Corporation 

Missiles  ami  Electronics  Group 

Attn;  Human  Resources 

485  Cayuga 

Buffalo,  NY  14225 

Space  station  truss,  Scout 

launch  vehicle 

Martin  Marietta  Astronautics 
Group 

Mail  Stop  G1311 

PG.  Box  179 

Denver,  CO  80201 

Builds  Titan  launch  vehicles , 

spacecraft  research  and 

development 

McDonnell  Douglas  Space 
Systems  Co. 

Attn:  Professional  Staffing 
5701  Katello  Ave. 

Cypress  , CA  90630 

Space  station  contractor,  builds 

and  markets  Delta  booster 

The  MITRE  Corporation 
Attn:  Human  Resources 
7525  Cobhire  Dr 
McLean,  VA  22102 
Systems  engineeringfor  NASA , 
Defense 

3M  Corporation 

3M  Center  Bl  dg 

220-2 W Staffing 

St,  Paul,  MN  55144 

Shuttle  microgravity  materials 

processing 

Northrop  Corporation 
1840  Century  Park  East 
Los  Angeles,  CA  90067 
Spacecraft;  electrical  systems 

Orbital  Sciences  Corporation 
12500  Fairlakes  Circle 
Fairfax,  VA  22033 
Markets  Transfer  Orbit  Stage 
(TOS),  Pegasus.  Recently 
acquired  Space  Data 
Corportxtkm 

Rockwell  International 
College  Relations 
2230  E,  Imperial  1 iwy. 

El  Segundo,  CA  90245 
Shuffle,  space  station , rocket 
engines 

Science  and  Technology  Corp. 

PO,  1 &>x  7390 
I famptan,  VA  23666 
Technical  studies,  test  and 
evaluation  activities 

Science  Applications 
International  Corporation  (SAIC) 
10260  Campus  Point  Dr. 

Mail  Stop  41 

San  Diego,  CA  92121 

R&D  contractor,  has  vtxm  more 

than  1 00  N/\SA  contracts 


Spaeehah,  Inc, 

600  Maryland  Ave.t  S.W  #201 
Washington,  DC  20024 
Markets  pressurized  module  jur 
shuttle  payload  bay 

Space  Industries,  Inc, 

711  W Bav  Area  Rlvd.  #320 
Webster,  TX  77598 
Space  station  Jree-ftyers 

Space  Services,  Inc. 

7015  Gulf  Freeway  #140 
Houston,  TX  77087 
Private  launch  vehicle  and 
payload  services 

SPAR  Aerospace,  Ltd. 

1700  Ormont  Dr, 

Toronto,  ONT 

CANADA  M9L  2W7 

Gears  and  mechanisms,  shuttle 

robot  arm 

SRI  International 
333  Ravenswood  Ave. 

Menlo  Park,  CA  94025 
Research  and  development 
consulting , satellite  imaging 

Sundstra  nd  Corpora  t ion 
PO.  Box  7003 
Rockford,  I L 61125 
Aerospace  elect  net  it 
components 

Sverdrup  Technology,  luc, 

PO.  Box  30650 -Midpark  Branch 
Middleburg  I leights,  Ol  1 44130 
At  t n : Person  lie  l Ma  n age r 
Technical  support  for  NASA 
Lewis  Research  Center 

Technical  Aiialvsisdne. 

2525  Bay  Area  HI vd' #200 
I louston,  TX  77058 
Safety  systems*  (turf  ((uaiity 
engineering 

Teledv nc - Rro vvn  Engi neering 
300  Sparkman  Drive 
Huntsville,  AL  35807 
Subcontractor  on  space  station 
habitation  module 

Thiokol,  Inc 

Attn:  Human  Resources 

PO.  Box  524 

Brigham  City,  UT  84302 

Manufacturer  of  solid  racket 

propellant  for  shuttle  boosters 

TRW,  Inc. 

Space  and  Defense  Sector 
One  Space  Park 
Redondo  Beach,  CA  90278 
Space  station.  Or  bital 
Maneuvering  Vehicle 


United  Technologies 
Norden  Systems,  Inc, 

PO.  Box  5300 
Norwalk,  CT  06856 
Electronics  manufactu  rer, 
produces  shuttle  flight  deck 
displays 

United  Technologies 
I la  mil  ton  Standard  Division 
Windsor  Locks,  CT  06096 
Aerospace  controls  and 
equipment 

United  Technologies 

Pratt  & Whitney 

PO,  Box  109600  MS  AW7 10-18 

West  palm  Beach,  FL  33410 

Aerospace  propulsion , National 

Aero-Sfxice  Plane 

United  Technologies 
USBI 

Kennedy  Space  Center,  FL  32899 
Space  Shuttle  solid  rocket 
boosters 

WESPACE 

105  Mall  Rlvd.  #200W 
Monroeville,  PA  15146 
Engineering  design,  systems 
integration  and  program 
management 

WESTAR  Satellite  Services 
One  Lake  Street 
Upper  Saddle  River,  NJ  07458 
Owners  yperutor  of 
mum  i un  ications  sa  tellite 
network 

Wyle  Laboratories 

Scientific  Services  and  Systems 

Group 

128  Maryland  Street 
El  Segundo,  CA  90245 
Cryogenic  testing , qualification 
testing  of  spacecraft  and 
components 


Except  for  Headquarters,  .let 
Propulsion  Laboratory  and 
Space  Telescope  Science 
Institute,  queries  and  resumes 
should  be  sent  to  the  attention  of 
the  Personnel  Office,  College 
Recruitment  Program  Manager. 


Ames  Research  Center 
Moffett  Field,  CA  94035 
Aerodynamics, 
supercomputers, Jligh  t 
simu  hi  furs,  human  factors. 
Includes  Dryden  Flight  Research 
Facility  at  Edwards  AFB 

Goddard  Space  Flight  Center 
Green  belt,  MD  20771 
Spacecraft  tracking , climate 
research , commun  ica  t ions , 
Hubble  Sjxice  Telescope 

Jet  Propulsion  Laboratory 
4800  Oak  Grov  e Drive 
Pasadena,  CA  91109 
Operated  for  NASA  by  Cal  Tech 
Primary  e enter  for  planetary 
exploration,  and  NASj\h  Deep 
Space  Network 

Lyndon  B.  Johnson  Space  Center 
Houston,  TX  77058 
Mission  control  for  shuttle 
flights  and  space  station . 
Responsible  for  astronaut 
selection,  pay toads  and 
experiments 

John  F Kennedy  Space  Center 
Kennedy  Space  Center,  FL  32899 
Assembly,  checkout  ami  launch 
of  space  shuttle 

Langley  Research  Center 
Hampton,  VA  23665 
Aerodynamics,  unnd  funnel 
testing,  flight  displays , software 
development 

Lewis  Research  Center 
Cleveland,  OH  44135 

Aerospace  propulsion  and 
power  systems 

George  C.  Marshall  Space  Flight 
Center 

Huntsville,  AL  35812 
Design  and  development  of 
space  transportation  systems , 
space  station  Freedom 

Space  Telescope  Science 
Institute 

Johns  Hopkins  Homewood 
Campus 

Baltimore,  MD  21218 
Operated  for  NASA  by 
Association  of  Universities  for 
Research  in  Astronomy  Plans 
and  conducts  Hubble  Sjrace 
Telescope  operations 

Stennis  Space  Center 
5 tennis  Space  Center,  MS  39529 
Rocket  engine  testing, 
oceanographic  and 
environmental  research 
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GREAT  GIFTS  FOR  THE  SPACE -ENTHUSIAST! 


Members  of  Skylab's  84-day 
club  talk  about  living  and  working 
onboard  a space  station. 


MARATHON 


In  1995  the  United  States,  along  with 
its  partners  in  Europe,  Japan  and 
Canada,  will  begin  building  a perma- 
nent space  station  200  miles  above  the 
Earth,  Once  completed  in  1999,  the 
Freedom  base  will  be  many  things: 
research  laboratory,  technology  cen- 
ter, observation  post  and  home  for 
eight  people  at  a time.  It  also  is  the  cen- 
terpiece of  NASA's  space  program  for 
the  rest  of  this  century. 

In  coming  issues  we  will  take  an  in- 
depth  look  at  this  mega-project, 
covering  the  technology  and  the  poli- 
tics, the  assembly  of  the  station,  day- 
to-day  life  onboard,  and  Freedom's 
evolution  into  a base  for  reaching  the 
Moon  and  Mars. 

We  begin  with  a nod  to  the  past: 
America's  first  space  station,  Skylab, 
Nine  astronauts- three  crews  of  three- 
lived  on  this  temporary  orbital  outpost 
from  May  1973  to  February  1974,  con- 
ducting investigations  in  life  sciences, 
solar  physics,  Earth  observation, 
astronomy  and  materials  processing. 
As  much  as  anything,  Skylab  was  an 
experiment  in  living,  The  last  mission, 
Skylab  4,  lasted  84  days,  which 


remains  the  longest  U.S.  spaceflight . 

A typical  tour  on  Freedom  will  even- 
tually last  180  days,  although  medical 
conservatism  at  first  calls  for  stays  of 
only  90  days.  Space  station  astronauts 
will  work  around  the  clock  in  shifts,  with 
the  eight-member  crew  divided  into 
two  teams  of  four,  Every  90  days,  a 
space  shuttle  will  arrive  with  fresh  sup- 
plies and  four  new  crew  members. 

As  the  only  American  astronauts 
who've  lived  three  months  at  a time  in 
space,  the  Skylab  4 crew  of  Gerald 
Carr,  Edward  Gibson  and  William 
Pogue  offer  valuable  experience  to 
Freedom's  planners.  Ail  three  are  cur- 
rently consultants  on  the  project.  Gib- 
son works  for  Booz,  Allen  and  Hamilton 
in  Reston,  Virginia,  on  space  station 
operations  planning,  Carr  and  Pogue 
work  for  a small  consulting  firm, 
CAMUS,  which  provides  the  experi- 
ence of  former  astronauts  and  space- 
flight  engineers  to  such  companies  as 
Boeing  and  Aeritalia. 

We  talked  with  the  three  Skylab  4 
astronauts  recently  about  space  sta- 
tion life  in  the  1970s  and  in  the  1990s. 

-Tony  Reichhardt 
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GERALD 


Final  Frontier:  One  of  the  biggest 
physical  differences  between  Free- 
dom and  Skylab  is  that  Skylab  had  lots 
of  open  volume  Freedom  will  have 
more  overall  volume,  but  it's  divided 
into  smaller  rooms.  Do  you  see  advan- 
tages to  those  larger  Skylab  modules? 

Carr:  All  the  volume  we  had  on  Sky- 
lab was  just  there  because  of  the  avail- 
ability of  the  S4B  [Saturn  rocket  stage] 
as  a pressure  vessel.  But  it  really  wasn't 
absolutely  necessary  I'm  pretty  much 
convinced  that  the  15-foot  diameter 
modules  that  are  shuttle-compatible 
really  make  the  most  sense,  because 
when  you  look  out  over  the  long  haul, 
that  is  going  to  have  to  be  your  stand- 
ard volume. 

There  are  even  some  advantages  to 
having  [the  modules]  smaller,  in  terms 
of  body  restraint.  If  you  can  touch  a toe 
to  the  floor  and  reach  up  and  touch  the 
ceiling,  then  you  can  instantly  stop 
yourself  or  retain  yourself  in  a position. 
But  you  get  out  in  the  middle  of 
[SkySab's]  great  big  volume,  and  it  can 
be  a very  frustrating  experience  trying 
to  get  back  to  a hand-hold.  You  end  up 
having  to  drift  for  ten  or  fifteen  minutes 
to  get  there,  or  have  somebody  come 
and  intercept  you  and  push  you  up 
against  something  that  you  can  grab 
hold  of  and  continue  your  work. 

So  I don't  see  any  great  advantage  to 
having  a whole  lot  of  volume  Its  going 
to  be  interesting  to  see  if  the  design  we 
have  for  the  space  station  gives  people 
a closed-in  feeling  and  makes  them 
feel  more  restrained.  But  the  way  you 
get  around  that  is  putting  in  windows, 
and  we've  got  some  nice  windows  in 
[Freedom's]  wardroom  area  and  In  the 
exercise  area.  I think  this  will  help  peo- 
ple from  feeling  like  they're  shut  in. 

Final  Frontier:  When  the  budget 
gets  tight,  are  windows  among  the  first 
things  people  want  to  take  out? 

Carr:  Well,  I wouldn't  be  surprised. 
The  engineers  realize  the  need  for  win- 
dows, but  they  also  make  it  clear  that 
you  are  paying  for  them  in  terms  of 
structural  integrity  and  the  extra  money 
and  weight  you  have  to  put  into  a vehi- 
cle to  make  those  windows  safe.  The 
crew  is  very  much  interested  in  having 
a small  window  in  each  stateroom,  but  I 
think  they're  going  to  have  a real  battle 
getting  them -I  think  economics  will 
probably  overpower  that  one  But  I cer- 
tainly sympathize  with  the  desire  to 
have  them. 

Final  Frontier:  Let's  talk  about  the 
sleeping  quarters.  It  seems  a unani- 
mous opinion  that  people  need  a place 
for  privacy.  But  the  individual  berths 
are  only  the  size  of  a phone  booth.  Is 


that  enough  room? 

Carr:  Considering  what  volume  is 
available,  I don't  think  you  can  ask  for 
any  more  than  that.  But  the  important 
thing  is  that  it  is  your  place,  and  you  can 
make  it  your  own.  The  crew  quarters 
were  looking  at  on  space  station  are 
slightly  larger  than  the  ones  we  had  on 
Skylab,  which  were  pretty  nice.  We  had 
enough  room  in  there  to  dress,  to  sleep 
comfortably,  to  write  or  listen  to  music, 
that  sort  of  thing  Were  trying  to  add 
more  amenities  to  the  crew  quarters  for 
space  station  in  order  to  make  it  an 
even  more  pleasant  place  to  be,  with 
maybe  a little  color  to  match  your  own 
preferences,  and  equipment  available 
for  you  to  do  creative  things  like  write. 

Final  Frontier:  Do  you  think  it  would 
have  been  acceptable  to  live  on  Skylab 
for,  say.  six  months? 

Carr:  I think  that  would  have  been  a 
continued  on  page  55 
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Final  Frontier  : Do  you  have  a feeling 
for  what  is  an  optimum  amount  of  time 
to  live  in  orbit? 

Gibson:  The  body  does  a good  job 
of  adapting  to  the  new  environment, 
and  we  are  learning  a great  deal  about 
the  specifics,  I feel  confident  that  you 
could  stay  up  [in  space]  for  numbers  of 
years.  It's  more  a psychological  ques- 
tion from  the  standpoint  of  being  sepa- 
rated from  friends,  family  and  having  a 
productive  job  which  you  can 
approach  creatively,  same  as  you  do 
down  here  You  need  something  that  is 
challenging  to  you.  If  you  have  strictly 
mundane  tasks,  you  can  do  them  for 
just  so  many  weeks  or  months  at  a time, 
and  then  your  performance  drops. 

It  needs  to  be  continuously  empha- 
sized that  the  long-term  nature  of  these 


missions  allows  you  to  take  advantage 
of  the  human  intellect.  Short-term  mis- 
sions you  almost  have  to  plan  by  cook- 
book and  by  rote.  But  now  you  have  a 
chance  to  put  people  up  there,  learn 
from  what  they  are  doing  and  improve 
the  total  quality  of  the  operation,  so  it's 
as  if  you  were  working  in  a lab  down 
here. 

On  Skylab  we  had  the  Apollo  tele- 
scope, for  example,  where  we  studied 
the  Sun.  We  had  a great  deal  of  flexibil- 
ity in  how  we  operated  it,  and  the  qual- 
ity of  the  data  correspondingly 
improved  as  the  mission  went  on.  We 
had  other  experiments  which  were 
done  by  rote,  and  I suspect  that  the 
quality  of  the  data  was  the  same  on  the 
last  day  as  It  was  on  the  first  day  The 
space  station  has  got  to.  where  it 
makes  sense,  use  the  onboard  person 
as  a true  co-investigator  right  along 
with  the  people  on  the  ground. 

Final  Frontier:  Is  that  an  argument 
for  getting  laboratory  scientists  up  to 
the  space  station  whenever  possible, 
instead  of  career  astronauts? 

Gibson:  To  a degree,  I think  it  makes 
sense.  If  you’ve  got  a couple  of  major 
payloads  where  a particular  kind  of 
expertise  is  beneficial,  then  it  makes 
sense  to  go  outside  [NASA]  and  select 
people,  get  them  in  the  training  cycle 
early  so  they're  not  only  expert  In  their 
equipment,  but  also  understand  howto 
operate  the  flight  safely  and  are  a pos- 
itive addition  to  the  crew.  Yes,  you 
should  do  that. 

But  if  you  have  20  experiments,  you 
can't  have  20  different  principle  inves- 
tigators up  there.  So  you  really  have  to 
ask  which  ones  are  of  major  scientific 
consequence.  A number  of  them  really 
will  require  judgment  on  the  part  of  the 
user,  much  more  than  people  imagine. 

Final  Frontier:  On  Skylab,  of  course, 
you  all  were  career  astronauts.  On 
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some  shuttle  missions  you  have  pay- 
load  specialists  who  aren't  NASA 
employees.  How  will  the  jobs  be 
defined  on  the  space  station? 

Gibson:  We  have  different  names  for 
them,  but  in  general  you  still  have  the 
career  astronaut,  the  flyer  who  worries 
about  getting  the  shuttle  up  and  back 
And  then  you  have  people  onboard  the 
station,  including  a commander,  who 
worries  about  how  to  run  the  total  day- 
to-day  operation  of  the  station.  Then 
you  have  the  people  who  are  more 
interested  in  the  science 

Final  Frontier:  Will  you  be  able  to 
take  scientists  right  out  of  the  university 
and  fly  them,  or  will  they  have  to  be 
involved  in  years  of  training 
beforehand? 

Gibson:  Well,  you  would  like  not  to 
have  people  spend  their  full  time  over 
many  years  in  training.  They'll  have  to 
become  experts  in  their  particular 
area,  for  sure.  Then  there  has  to  be  an 
integration  into  the  NASA  system  so 
that  they  can  operate  as  a real  team, 
partly  for  safety’s  sake,  but  also 
because  you  need  a harmonious 
interaction  of  the  crew,  If  it's  not  har- 
monious you  really  degrade  the  total 
operation  in  space.  And  it’s  been  found 
that  the  way  to  solve  that  is  to  have  peo- 
ple work  things  over  on  the  ground  and 
get  all  of  their  idiosyncrasies  and 
differences  of  opinion  ironed  out 
before  they  fly.  Time  is  far  too  expensive 
on  the  space  station  to  iron  things  out  in 
flight, 

I've  not  been  directly  involved  in 
Spacelab,  so  all  the  comments  I hear 
are  second-hand  But  they  ran  into 
problems  when  they  did  not  take  the 
time  on  the  ground  to  operate  as  a total 
crew  long  enough  to  find  out  where 
these  idiosyncrasies  are  in  people. 
And  each  person  has  got  them. 

Final  Frontier:  There's  going  to  be 


Pages  42-43;  Gibson,  Carr  and  Pogue 
with  their  orbiting  hotel.  In  Skylab’s 
spacious  modules  (opposite),  finding 
your  way  to  a hand-hold  could  be 
frustrating.  Freedom  will  have  more 
volume,  but  smaller  rooms. 


some  "tele-science1’  on  Freedom 
where  investigators  on  the  ground  are 
directly  involved  in  running  the 
onboard  experiments.  You  had  virtually 
none  of  that  on  Skylab. 

Gibson  Very  little.  We  sent  some 
data  down  to  Earth  via  TV  and  got  some 
back  up.  We  had  tele-science  in  the 
sense  that  some  of  the  data  from  the 
Apollo  Telescope  Mount  were  sent 
down  daily  with  an  electromagnetic 
scanner  but  a very,  very  small  amount 
of  it, 

f think  tele-science  is  a good  idea, 
but  it  ought  to  be  used  properly,  tt 
continued  on  page  57 
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Final  Frontier:  The  current  thinking 
is  that  all  eight  crew  members  on  Free- 
dom will  have  the  same  day  off  each 
week.  Do  you  think  people  will  retreat  to 
their  corners  on  those  days,  or  hang 
out  together  in  the  wardroom? 

Pogue:  It  depends  on  how  you  feel. 
We  did  everything  on  Skylab  Some- 
times we  would  read,  sometimes  we 
would  go  look  out  the  window,  some- 
times people  would  go  in  their  crew 
quarters  My  general  recollection  is 
that  we  did  not  become  reclusive  on 
our  days  off  We  used  it  as  a time  to  re- 
charge the  batteries,  so  to  speak,  and 
escape  from  the  heavy  time  pressure. 

My  personal  feeling  is  that  the  cupola 
is  going  to  be  a very  popular  place 

Final  Frontier;  Because  of  the  view9 

Pogue:  Yes,  just  looking  out  the  win- 
dows. 

Final  Frontier:  Did  you  find  that  you 
looked  out  the  window  less  the  longer 
you  were  up? 

Pogue:  No,  I did  not.  I've  heard  some 
crew  members  say  they  got  tired  of 
looking  out  the  window.  \ never  did 
myself. 

Final  Frontier:  Several  of  the  long- 
term Soviet  cosmonauts  talk  about  the 
importance  of  maintaining  a good  rela- 
tionship with  ground  crews  during  a 
mission.  Any  advice  for  making  sure 
that  goes  smoothly? 

Pogue:  The  main  thing  is  to  have  a 
communication  link  between  the  flight 
crew  and  the  ground  teams,  which  isn't 
open  to  anyone  who  would  like  to  listen 
in.  I'm  not  saying  it  should  be  encryp- 
ted, although  I wouldn't  oppose  it.  But 
you  need  to  beabletocall  them  up  and 


say  "Hey.  I just  screwed  up  something 
here,"  Or  the  ground  crew  can  call  you 
up  and  say  “Stop  everything -we  gave 
you  a wrong  procedure."  tf  you  do  that 
over  an  open  loop,  it  sounds  like  you've 
got  a bunch  of  ham-fisted  operators 
working  either  on  the  ground  or  in 
flight,  while  the  fact  of  the  matter  is  that 
human  error  is  just  a fact  of  life,  and 
people  make  mistakes. 

Final  Frontier:  Freedom  will  obvi- 
ously rely  much  more  heavily  on  auto- 
mated systems  and  robotics  than  you 
did  on  Skylab.  Are  people  thinking 
about  how  that  new  environment  is 
going  to  affect  the  crews? 

Pogue:  \ think  the  thing  that  will  make 
robotics  acceptable  to  the  crew  mem- 
bers is  that  they  are  beneficial  - in  other 
words,  that  they  function  in  the  way 
they  were  designed  to  function,  and 
that  they  provide  a definite  benefit  to 
the  crew  instead  of  being  a liability.  If 
you  have  an  automated  system  that 
ends  up  costing  you  more  time  than  if 
you  did  the  job  manually,  then  that  sys- 
tem is  not  going  to  have  credibility  in 
the  eyes  of  the  crew  members,  and 
they're  going  to  resent  it.  Its  going  to 
rob  them  of  time  instead  of  saving  them 
time-  If  they  have  a system  that  saves 
them  time,  and  particularly,  relieves 
them  of  boring  and  tedious  work,  then 
they'll  hail  it  with  open  arms. 

One  of  the  big  problems  I see  in 
robotics,  artificial  intelligence,  expert 
systems  and  all  that,  is  that  the  people 
who  design  these  things  design  them 
in  a corner,  divorced  from  the  opera- 
tional context. 

I would  like  to  see  these  systems,  first 
off,  be  designed  to  be  able  to  function 
in  degraded  mode -that  is,  not  a case 
where  it  all  works  or  nothing  works.  If 
the  system  has  a partial  failure,  you 
should  still  be  able  to  work  it  in  a super- 
visory or  participating  role. 

The  big  problem  I see  looming  with 
the  use  of  automation  and  robotics  is 
this  failure  to  properly  consider  the 
human  operator’s  role.  You  have  to 
make  sure  you  have  good  operator 
input  early  in  the  conceptual  phases  of 
the  design 

Final  Frontier:  Is  there  any  area  of 
’human  factors"  planning  for  Freedom 
that  you  think  needs  more  attention, 
that  isn't  being  addressed? 

Pogue  One  of  the  things  that 
bothers  me  is  the  extensive  medical 
testing  that's  going  to  be  required  10 
qualify  crew  members  for  longer 
flights.  I'm  a bit  concerned  that  this  is 
going  to  become  more  elaborate  than 
is  actually  required  I'm  not  badmouth- 
ing  the  effort,  because  I wouldn’t  know 
what  else  to  suggest.  But  I'm  afraid 
it's  like  anything  else  we  do  in  this 
continued  on  page  58 
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SMALL 

WONDERS 

It  all  started  with  a silvery  sphere  only  20  inches  in  diame- 
ter. Ever  since  Sputnik  1,  satellites  have  been  getting 
bigger,  more  complex  and  more  expensive,  until  only  the 
space  shuttle  can  carry  them  and  only  the  government  can 
afford  them.  Take  Milstar,  for  instance.  One  of  the  more  capa- 
ble spacecraft  ever  devised  by  the  military,  this  massive 
communications  satellite  system  has  already  cost  the  fed- 
eral treasury  $5  billion,  and  the  first  one  won’t  fly  until  1991. 

Each  copy  will  cost  the  Pentagon  $1  billion  to  build  and 
launch. 

But  in  October  1985  a satellite  called  GLOMR  (Global  Low 
Rate  Message  Relay),  slightly  bigger  than  a basketball  and 
costing  less  than  a million  dollars,  came  floating  out  of  the 
space  shuttle  Challenger’s  cargo  bay  and  into  orbit.  GLOMR 
was  the  forerunner  of  a new  breed  of  satellite  whose  attri- 
butes—small,  light,  and  best  of  all,  inexpensive-are  meant  to 
put  space  within  reach  for  unprecedented  numbers  of  peo- 
ple, from  battlefield  commanders  to  farmers  to  university 
researchers.  LightSats,  as  they  are  called,  promise  a space 
revolution. 

To  imagine  the  potential  impact  of  LightSats,  consider 
how  personal  computers  have  changed  our  lives.  Whereas 
earlier  machines  filled  large  rooms  and  carried  huge  price 
tags,  the  microcomputer  ended  all  that  and  created  a social 
as  well  as  technological  revolution.  Their  impact  could  be 
similar  to  what  will  happen  if  LightSats,  the  PC’s  of  the  space 
age,  make  space  affordable. 

Imagine  a company  like  Rand  McNally  being  able  to  con- 
stantly update  its  road  maps  as  routes  go  under  construc- 
tion or  close  down  because  of  natural  disasters.  The  Rand 
McNally  RoadBird  might  relay  images  of  routes  throughout 
the  world,  even  transmitting  them  directly  to  a display  on 
your  car’s  dashboard. 

Farmers  equipped  with  a small  satellite  dish  and  personal 
computer  could  download  not  just  weather  but  soil  condi- 
tion data  from  an  orbiting  Iowa-Sat.  And  technology  derived 
from  LightSats  may  make  it  possible  for  widespread  video 
phones  to  become  reality,  so  that  the  next  time  grandma 
calls  the  grandkids,  they’d  be  able  to  see  each  other. 

Can’t  afford  a billion-dollar  satellite?  Take  heart-LightSats  are  coming.  By  Melinda  Gipson 


While  these  applications  are  farther  in  the  future,  an 
astronomy  satellite  called  Alexis  will  soar  into  space  in  April 
1991  to  survey  the  universe  at  low-energy  x-ray  wavelengths. 
Los  Alamos  National  Laboratories  is  building  the  satellite’s  x- 
ray  telescopes  and  sensors,  and  Astronautics,  an  11- 
member  firm  in  Reston,  Virginia,  is  building  the  “bus”  that 
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LEE  CHRISTIANSEN 


Pegasus,  leader  of  the  pack  among  potential  LightSat  boosters,  was  scheduled  for  its  first  launch  from  a B-52  bomber  in  late  1989. 


provides  the  satellite’s  power,  controls 
its  orientation,  communicates  with 
ground  stations  and  manages  on- 
board computer  memory.  The  entire 
package  weighs  only  225  pounds. 

Astronautics  is  just  one  of  a number 
of  small  companies  that  have  sprung 
up  to  market  LightSats.  In  an  arena 
dominated  by  aerospace  giants, 
smaller  firms  may  have  some  advan- 
tages. Rick  Fleeter,  president  of 
Astronautics,  says  that  because  his 
company  is  small,  it  can  respond  to 
changing  customer  needs  more 
quickly  than  larger  aerospace  com- 
panies. Nevertheless,  small  firms  will 
have  to  share  the  LightSat  market  with 
more  established  companies  like  Ball 
Aerospace  of  Boulder,  Colorado. 

Communications  satellites  typically 
cost  tens  of  millions  of  dollars  and 
weigh  upwards  of  2000  pounds.  For  $5 
or  $6  million,  Ball  will  put  a small  satel- 
lite offering  anywhere  from  one  to  ten 
separate  communications  channels 
and  weighing  less  than  1000  pounds 
into  orbit.  For  only  three  or  four  times 
that  cost,  they  will  provide  any  small, 
developing  country  with  a satellite 
phone  system  that  can  reach  even  the 
most  remote  area.  Jim  Stuart.  Ball 
Space  Systems  Division's  chief  scien- 
tist, notes:  “What  they  want  is  not  satel- 
lites,  but  phones."  One  interested 


potential  customer  is  Thailand. 

What  has  made  it  possible  for  pint- 
size  satellites  to  step  in  for  their  huge, 
costly  predecessors?  According  to 
Astronautics  senior  engineer  Bob  Dill, 
the  most  important  advances  have 
been  in  miniaturization  of  electronics. 
“Just  as  computers  have  gotten  a lot 
smaller,  you  can  put  a lot  more  stuff  into 
a very  small  box  fora  satellite  now  than 
you  could,  say,  10  or  20  years  ago.  We 
can  fly  something  in  a 200-pound- 
class  satellite  that  you  would  have  had 
a hard  time  fitting  in  a satellite  weighing 
2000  pounds  or  more  20  years  ago.” 

Dill  adds  that  LightSat  manufactur- 
ers find  many  off-the-shelf  compo- 
nents made  for  large  satellites  too  big 
and  much  too  expensive.  For  that  rea- 
son, Astronautics  has  turned  to  making 
some  components  themselves,  such 
as  sun  sensors  used  in  guidance  sys- 
tems. "And  if  anybody  wants  some,"  he 
says,  “wed  be  happy  to  sell  them.” 

Another  big  factor  has  been  the 
development  of  relatively  small,  inex- 
pensive launchers.  As  Jim  Stuart 
points  out,  “It's  not  enough  to  promise 
an  inexpensive  satellite;  you've  got  to 
get  it  up  there.”  But  now  there  is  a fleet 
of  real  rockets -some  on  the  drawing 
board  and  others  already  on  the  pad- 
ready  to  launch  a LightSat  regatta. 

Orbital  Sciences  of  Fairfax,  Virginia, 


is  marketing  an  innovative  winged 
booster  called  Pegasus  that  is  carried 
aloft  under  the  wing  of  a B-52,  then 
released  to  deliver  a collection  of  satel- 
lites into  orbit.  They  also  offer  a land- 
launched  rocket  called  Taurus,  which 
may  sell  commercially  for  about  $16 
million.  The  company's  other  rockets 
form  a fleet  that  can  carry  payloads 
ranging  from  400  to  1000  pounds. 

Aside  from  newcomers  like  Pegasus 
and  Taurus,  customers  have  a stable  of 
proven  workhorses  to  choose  from. 
The  LTV  Corporation,  which  has  built 
and  launched  Scout  rockets  for  NASA 
for  decades,  now  holds  the  rights  from 
the  space  agency  to  commercialize 
the  venerable  booster.  Atlas  rockets 
from  General  Dynamics.  American 
Rocket’s  Industrial  Launch  Vehicle  and 
Lockheed's  rehabilitated  Poseidon 
launcher  are  also  in  the  running. 

International  competition  in  the 
smaller  class  of  satellite  launchers  also 
is  growing.  For  example,  the  French 
launch  company  Arianespace  has 
offered  cheap  rides  into  orbit  for  up  to 
six  microsatellites  (weighing  as  much 
as  90  pounds  each)  on  a single  flight. 
One  multiple  launch  would  cost  less 
than  $1  million,  but  the  opportunity 
would  only  be  offered  once  or  twice  a 
year.  Mindful  of  its  American  competi- 
tion, Ariane  also  has  offered  to  launch 
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January 

French  SPOT  remote 
sensing  satellite  orbited 
by  European  Ariane  rocket. 


October 

Ariane  rocket  orbits  Euro- 
pean Earth  Resource  Satef 
lite  (ERS-1)  to  conduct 
observations  of  Earth, 


February 

New  cosmonaut  crew  is 
launched  to  the  Soviet  Mir 
space  station  to  replace 
Alexander  Viktorenko  and 
Alexander  Serebrov. 


October  5 

STS-41  space  shuttle 
mission:  European/U.S. 
Ulysses  probe  is  launched 
from  Atlantis  into  an  orbit 
around  the  Sun's  poles. 


February  1 

Space  shuttle  mission 
STS-36.  Atlantis  and  a crew 
of  five  deliver  a secret 
Defense  Department  pay- 
load  to  orbit. 


April  26 

ASTRO-1  space  shuttle 
mission  STS-35:  Seven 
astronauts  spend  ten  days 
conducting  astronomical 
observations  onboard 
Columbia. 


November  1 

STS-39  space  shuttle 
mission:  Seven  astronauts 
conduct  SDI  infrared 
experiments  and  other 
observations  from  onboard 
Discovery. 


June  4 

Space  shuttle  mission 
STS-37:  The  second  of 
NASA's  "Great  Obser- 
vatories.” the  Gamma  Ray 
Observatory,  is  launched 
from  Atlantis. 


December  6 

STS-42  space  shuttle 
mission:  International 
Microgravity  Lab  mission 
has  seven  astronauts  work 
ing  on  experiments  inside 
Columbia/Spacelab  mod- 
ule for  ten  days. 


July  9 

STS-38  space  shuttle 
mission:  Five  astronauts 
on-board  Discovery  fly  a 
classified  flight  for  the 
military. 


December  B 

Galileo  spacecraft,  bound 
for  Jupiter,  passes  Earth  at 
close  range  to  receive  a 
gravity  boost. 


February  9 

Galileo  spacecraft  flies 
past  Venus,  the  first  plane- 
tary encounter  on  its  six- 
year  trip  to  Jupiter. 


August  10 

Magellan  spacecraft 
arrives  in  orbit  around 
Venus  to  begin  eight- 
months  of  mapping  the 
planet's  surface. 


March  26 

Space  shuttle  mission 
STS-31:  Hubble  Space 
Telescope  launched  from 
Discovery  to  begin  opera- 
tions as  a revolutionary  new 
astronomical  observatory 
in  Earth  orbit. 


August  16 

STS-40  space  shuttle 
mission:  Seven  astronauts 
spend  ten  days  conducting 
I life  science  experiments 
inside  Spacelab. 
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Contenders  for  the  LightSat  launch  market,  with  the  Space  Shuttle  shown  for  scale. 


LightSats  for  all  seasons;  A battlefield 
reconnaissance  satellite  called  TIDES 
(above  left)  would  weigh  less  than  450 
pounds  and  have  no  moving  parts; 
ALEXIS  (center)  will  survey  the  x-ray 
universe;  Ball  Aerospace’s  BGS-400 
communications  satellite  would  be 
lofted  into  orbit  aboard  a Taurus  booster. 

any  satellite  weighing  up  to  1100 
pounds  for  "on  the  order  of  $10  million/1 

These  developments  are  generating 
a great  deal  of  excitement  in  a number 
of  fields,  including  scientific  research. 
Scientists  wishing  to  place  a small  pay* 
load  in  orbit  have  traditionally  had  to 
wait  as  long  as  ten  years  for  an  instru- 
ment to  be  incorporated  into  a larger 
satellite  and  then  launched.  As  Dill 
says,  "That's  a significant  fraction  of 
your  career  waiting  around  to  get  your 
data.  With  a small  satellite,  you  can  get 
a two-  or  three-year  turnaround.  You 
can  also  get  a satellite  that's  dedicated 
to  your  payload.  It's  a better  deal." 

LightSats  may  soon  find  other  mar- 
ket niches.  A typical  communications 
satellite  might  be  equipped  with  24 
separate  channels,  but  it  can  take  up  to 
six  years  from  the  time  of  launch  for  its 
parent  company  to  find  enough  sub* 
scribers  to  use  them  all.  A small  satel- 
lite with  a handful  of  transponders 
would  be  full  to  capacity  from  the  day  it 
is  launched.  When  the  need  arises  for 
more  channels,  a new  satellite  could 
be  "parked"  nearby  to  take  up  the  load. 
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INVEST  IN 

SPACE  EXPLORATION 
TECHNOLOGY 

APPLIED 

RESEARCH 

CORPORATION 

Is  participating  with  NASA 
on  projects  such  as  the 
Space  Shuttle  program, 
Space  Station  program  and 
Hubble  Space  Telescope. 

CONTACT 

Richard  A.  Crosby 

1-800-950-0559  or 
1-303-793-0559 
Member  NASD-SIPC 

H.T.  Fletcher 
Securities  Incorporated 

6312  South  Fiddlers 
Green  Circle,  Suite  320-N 
Englewood,  Colorado  80111 

H.T.  Fletcher  Securities  Incorporated  makes  a principal  market 
in  Applied  Research  securities,  and  it  or  its  associated  persons 
may  own  stock  and  warrants  of  the  company.  Recent  common 
stock  price  was  $1.25  bid,  $1.50  ask  (Philadelphia  Slock 
Exchange).  This  is  not  a solicitation  or  offer  to  buy  or  sell  any 
security.  Additional  information  is  available  upon  request. 


SEDS 

Students  for  the 
Exploration  and  Development 
of  Space 

SEDS  is  the  world’s  largest 
student-run  international  space 
organization.  As  a chapter-based 
organization,  SEDS  is  seeking 
motivated  college  and  high  school 
students  to  create  a worldwide 
network  of  space  enthusiasts  which 
will  lead  humanity  into  space. 

If  you  would  like  to  join  this  growing 
student  network  write: 

SEDS 

Massachusetts  Institute  of  Technology 
77  Massachusetts  Avenue,  W20-445 
Cambridge,  MA  02139 
(617)  253-8897 


And  when  an  existing  communica- 
tions satellite  begins  to  die,  it  could  be 
cheaper  to  bring  in  a LightSat.  As 
Stuart  says,  “Why  not  replace  the 
burned-out  transponders  with  a small 
satellite  co-located  with  the  already 
approved  system?”  Ball  already  has  a 
potential  customer  in  mind,  assuming 
the  concept  is  approved  by  the  Federal 
Communications  Commission. 

To  be  sure,  the  market  for  LightSats 
has  yet  to  develop.  Dill  says,  “Right  now 
there  are  a lot  more  people  trying  to  sell 
small  satellites  than  there  are  people 
buying  them.”  But  the  fact  that  large, 
established  launch  companies  and 
satellite  manufacturers  have  begun  to 
pay  attention  to  LightSats  should  say 
something.  These  pioneers  think 
there’s  a market  there-a  small  one, 
admittedly- but  one  they  think  will  grow. 
Industry  analysts,  taking  into  account 
both  the  developing  market  Stuart  is 
after  and  the  more  lucrative  Defense 
Department  market,  think  the  small 
satellite  business  will  be  worth  about 
$1  billion  over  the  next  10  years. 

Not  everyone  is  quite  so  optimistic. 
Lawrence  Stern,  a former  NASA 
strategic  planner  and  now  ah  econom- 
ics professor  at  George  Mason  Univer- 
sity in  Fairfax,  Virginia,  is  skeptical 
about  the  prospects  for  a LightSat  rev- 
olution. In  a recent  study  of  the  small 
satellite  market  he  declares  that  the 
current  state  of  LightSat  production 
consists  of  “much  talk  and  a compara- 
tively little  manufacturing.  The  small 
satellite  as  a commercial  product  is  still 
in  the  concept  stage." 

In  part,  this  is  because  of  some 
rather  imposing  economic  hurdles. 
While  big  companies  like  Ball  are  vigor- 
ously marketing  their  LightSats,  it’s  a 
tougher  field  for  the  smaller  firms. 
Financial  backing  is  often  difficult  to 
obtain,  partly  because  investors  tend 
to  be  conservative  when  it  comes  to 
space  ventures. 

Ironically,  notes  Stern,  the  biggest 
impetus  to  small  satellites  has  come 
from  the  military,  long  the  proponent  of 
bigger  and  more  complex  satellites.  In 
particular,  the  Defense  Advanced 
Research  Projects  Agency,  a small, 
innovative  branch  of  the  Pentagon,  has 
given  LightSats  a great  boost.  DARPA’s 
most  ambitious  project,  the  Advanced 
Space  Technology  Program,  has 
funded  most  of  the  new,  innovative 
LightSat  technology  to  date,  and  has 
helped  to  subsidize  the  development 
of  rockets  like  Pegasus  and  Taurus, 
currently  the  industry  frontrunners. 

The  Defense  Department  originally 
got  into  the  LightSat  business  as  a way 
of  hedging  its  bets.  If  World  War  III  were 
to  break  out,  and  Kennedy  Space  Cen- 
ter and  existing  U.S.  spy  satellites  were 


all  destroyed,  how  would  the  nation 
reconstitute  its  space  assets?  With 
multiple  small  satellite  launches  from 
elsewhere,  DARPA  officials  reasoned. 

Army  Major  R.J.  Bonometti,  who 
works  with  DARPA’s  advanced  pro- 
gram, says  of  large  spacecraft  like  Mil- 
star,  “No  system  is  fully  indestructible." 
Lightsats  will  help  make  sure  the  U.S. 
isn’t  building  a Maginot  Line  in  space. 
DARPA’s  goal  is  to  develop  capable, 
cost-effective  technologies,  in  part  by 
using  the  small  satellites  as  testbeds. 

Within  the  military,  space  has  long 
been  the  domain  of  the  Air  Force,  but 
now  other  branches  of  the  service  are 
anxious  to  have  access  to  space.  The 
potential  is  great.  One  proposed  Light- 
Sat, called  Microsat,  weighs  only  50 
pounds.  A network  of  seven  could  relay 
voice,  data  and  facsimile  transmis- 
sions, or  even  slow-speed  transmis- 
sions of  video  frames  or  computer 
displays,  directly  to  battlefield  com- 
manders. One  satellite  beam  could 
cover  all  of  North  Africa  and  the  Middle 
East. 

Another  kind  of  satellite,  which 
DARPA  calls  MAXSAT  (Multiple  Access 
Communications  Satellite)  can  serve 
the  same  battlefield  commander  as  a 
kind  of  electronic  mailbox,  relaying 
data  and  messages  around  the  world. 
Also,  by  receiving  data  from  tactical 
sensors  on  the  ground,  such  satellites 
could  provide  a backup  if  more 
advanced  spy  satellites  were 
destroyed  in  a hostile  attack.  Once 
such  eyes  are  in  orbit,  field  marshals 
will  be  able  to  see  not  just  over  the  hori- 
zon, but  in  every  direction  as  far  as  the 
conflict  extends. 

Not  everyone  within  the  Defense 
Department  is  receptive  to  LightSats. 
Former  Air  Force  Secretary  Edward 
"Pete"  Aldrich  once  called  them 
"cheapsats"  and  tried  to  drum  them 
out  of  the  DOD  budget.  Proponents  of 
small  military  satellites  will  have  to 
overcome  the  bigger-is-better,  gold- 
plated  procurement  process  that  has 
become  entrenched  at  the  Pentagon. 

The  coming  year  will  be  an  important 
one  for  the  LightSat  revolution.  A num- 
ber of  small  satellites  are  slated  for 
launch,  and  the  Pegasus  booster,  for 
which  many  LightSats  are  being 
designed,  will  make  its  first  flight. 

Dill  explains,  “I  think  a lot  of  [potential 
customers]  are  waiting  to  see  how  all 
this  works.”  This  is  something  the  Light- 
Sat revolutionaries  are  only  too  aware 
of.  Fleeter  told  a gathering  last  summer, 
“Do  it  right  the  first  time.  We’re  not  going 
to  get  more  than  one  chance  in  this 
market  to  prove  what  we  can  do.  A lot  of 
small  satellite  capabilities  have  been 
oversold.  We  have  to  deliver  what  we 
promise."  □ 
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Have  Guns- 
Will  Travel? 


Miramar  Naval  Air  Station  in  Cali- 
fornia seems  an  unlikely  spot  for  a 
breakthrough  in  space  propulsion. 
But  shrouded  in  secrecy  on  a remote 
corner  of  the  base  is  a 30-foot-long 
weapon -an  anti-tank  gun -that  could 
change  the  way  small  satellites  are 
launched  into  Earth  orbit. 

Developed  at  Maxwell  Labs  by  the 
Defense  Department  as  a way  to  pierce 
enhanced  Soviet  armor,  the  Miramar 
electromagnetic  gun  uses  electric  cur- 
rent instead  of  gunpowder  for  its  pro- 
pulsive force.  Projectiles  in  the  gun's 
breech  reach  unprecedented  veloci- 
ties-in  the  range  of  two  to  five  miles  per 
second. 

But  blasting  big  holes  in  armor  plate 
isn’t  what  has  some  people  in  the  world 
of  electromagnetic  propulsion  so 
excited.  For  the  first  time,  the  Miramar 
Gun  and  similar  mechanisms  at  the 
University  of  Texas,  Eglin  Air  Force 
Base  in  Florida,  Sandia  National  Labs 
and  other  locations  can  provide 
enough  raw  muscle  to  blast  small 
packages  into  space,  at  a low  enough 
cost  that  independent  corporations 
and  research  institutions  may  find 
them  affordable. 

"(Electromagnetic  Space  Launch] 
opens  a door  for  opportunities  we 
never  thought  of  before,”  says  Harry 
Fair  of  the  University  of  Texas  Centerfor 
Electromechanics.  “EMSL  could  cer- 
tainly put  every  country  or  maybe  even 
a number  of  industries  in  the  satellite 
launch  business." 

Even  the  most  efficient  rocket  pro- 
grams burn  a major  portion  of  their 
investment  with  every  launch.  At  $200 
million  per  flight.  NASA's  space  shuttle 
may  as  well  be  spewing  hundred  dollar 
bills  from  its  rocket  nozzles. 

That's  where  EMSL  fits  in.  Miles  Pal- 
mer, a former  Air  Force  Weapons  Lab 
physicist  now  at  Science  Applications 
International  Corporation  (SAIC),  puts 
it  this  way:  "An  Electromagnetic  Space 
Launcher  is  a capital  asset  like  a fac- 
tory. which  continues  to  produce  as 
long  as  you  provide  raw  materials  to  the 
breech.  Unlike  rockets,  EMSL  doesn't 
blow  up  and  it  doesn't  fly  away.” 

Palmer's  proposed  “launch  factory" 
could  hurl  a 40-  to  400-  pound  satellite 
into  orbit  every  five  minutes,  at  around 
$10,000  per  launch- roughly  one  hun- 
dredth to  one  thousandth  the  cost  of  a 
small  conventional  rocket  like  the 


Scout.  Several  electromagnetic  guns 
are  already  in  operation.  Most  can,  on 
demand,  fire  projectiles  with  enough 
velocity  to  escape  Earth's  atmosphere. 

Lucrative  as  it  seems,  however,  we’re 
not  likely  to  see  privatized  EMSLs  until 
the  government  further  develops  the 
technology  and  builds  a functional 
prototype.  NASA,  meanwhile,  remains 
officially  uninterested  in  electromag- 
netic space  launch.  The  agency's  most 
recent  study  of  EMSL  in  1984  took  the 
position  that  the  technology  should 
work  and  work  cheaply,  but  that  there 
was  no  demand  for  it. 

"They  [NASA]  are  looking  for  the  best 
way  to  kill  this  thing  in  its  infancy  before 
it  becomes  a threat  to  their  rocket  pro- 


grams,” claims  one  suspicious  EMSL 
researcher.  Others  say  it's  not  so  much 
a question  of  malice  as  unimaginative 
thinking.  According  to  one  corporate 
physicist,  “Talking  to  NASA  about  Earth 
to  space  electromagnetic  launch  is  like 
talking  to  a buggy  whip  manufacturer 
about  automobiles."  Carolyn  Meinel,  a 
former  defense  research  contractor, 
laments,  “They  [NASA]  are  not  inter- 
ested unless  it's  solidly  based  on  a 
1950s  concept.” 

But  some  NASA  researchers,  like 
Ross  Jones  of  the  Jet  Propulsion  Labo- 
ratory, are  actively  campaigning  for  a 
prototype  EMSL.  Jones  has  proposed 
"micro-spaceprobes,”  using  space- 
based  electromagnetic  launchers  to 
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send  coffee  can-sized  packages  on 
interplanetary  missions.  Bill  Scallion  of 
NASA’s  Langley  Research  Center  has 
suggested  using  an  electromagnetic 
gun  for  hypervelocity  aerodynamic 
research.  His  device  would  provide 
hypersonic  modeling  for  advanced 
craft  like  the  National  Aerospace  Plane. 
Although  Scallion  is  aware  of  the  space 
launch  potential  of  electromagnetic 
guns,  he  is  more  comfortable  with  con- 
ventional applications  for  now. 

That  leaves  the  Defense  Department 
as  a possible  source  of  funding  for  a 
prototype  EMSL.  Up  until  now  the  Army, 
the  Defense  Nuclear  Agency,  the 
Defense  Advanced  Research  Projects 
Agency  (DARPA)  and  other  branches 
of  the  military  have  nursed  electromag- 
netic technology  from  graduate  stu- 
dent experimentation  into  today’s 
revolutionary  hardware.  Why  would  the 
Pentagon  be  interested  in  space  appli- 
cations? Peter  Kernmey,  a DARPA  phy- 
sicist and  leading  electromagnetic 
pioneer,  says  that  “For  military  pur- 
poses, Earth  to  space  electromagnetic 
gun  launches  are  less  observable.” 

Miles  Palmer  of  SAIC  believes  the 
best  way  to  demonstrate  EMSL  capa- 
bility would  be  a quick  and  dirty  sound- 
ing launch,  using  existing  devices  like 
the  Miramar  or  Eglin  guns.  Since 


they’ve  already  achieved  velocities 
greater  than  2.1  miles  per  second,  Pal- 
mer would  simply  elevate  the  barrel 
and  let  it  rip.  That  should  be  sufficient 
to  loft  a two-pound  package  to  an  alti- 
tude of  around  250  miles-a  typical 
sounding  rocket  mission-before  fall- 
ing back  to  Earth.  The  demonstration 
would  require  no  development-the 
hardware  exists  today.  In  fact,  such  a 
test  is  planned  at  Eglin  early  in  1990. 

As  a next  step,  Palmer  proposes 
building  a $50  million  prototype 
launcher.  This  device  would  be  about 
100  yards  long,  and  could  be  powered 
by  car  batteries-the  same  cheap  and 
easy  power  source  used  for  the  gun  at 
Eglin  AFB.  Once  the  bugs  are  worked 
out  of  the  prototype,  Palmer  believes 
follow-on  full  scale  EMSLs  could,  if  built 
in  quantity,  cost  as  little  as  $10  million 
each,  which  would  put  a "launch  fac- 
tory” within  reach  of  many  corpora- 
tions. 

At  least  one  giant  aerospace  com- 
pany has  shown  interest  in  the  technol- 
ogy.  General  Dynamics  Space 
Systems  Division  is,  in  the  words  of 
marketing  manager  Lee  Patterson, 
"Cautiously  assessing  EMSL  at  the 
division  level.  The  technology  is  such 
that  it  can  be  done.... We’re  cautiously 
optimistic.” 
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Eddie  Leung,  General  Dynamics' 
chief  electromagnetic  engineer,  says, 
l,We  feef  that  there  wifi  be  a cost  sav- 
ings in  terms  of  both  capital  and 
operating  costs.  It's  probably  going  to 
be  at  least  one,  and  possibly  two, 
orders  of  magnitude  reduction  com- 
pared to  rockets/1  Leung  emphasizes, 
however,  that  EMSL  'will  not  replace 
rockets.  It's  meant  to  compliment  them 
rather  than  replace  them.  EMSL  works 
best  with  small  packages,  where  it  has 
the  advantage  of  quick  response  time 
and  flexibility/' 

General  Dynamics1  design,  if  built, 
would  move  EMSL  into  the  big  leagues. 
With  a length  of  two  to  four  miles  and  a 
bore  size  of  30  inches,  this  supercon- 
ducting coil  launcher  could  blast  a 
2200-pound  mass  into  low  Earth  orbit. 
Smaller  packages  could  conceivably 
reach  escape  velocity,  giving  the 
launcher  an  interplanetary  reach. 

The  long  launch  tube  is  designed  to 
counter  one  of  EMSLJs  most  notorious 
problems-extremely  high  acceleration 
forces.  Devices  like  the  Miramar  Gun, 
with  its  short  30-foot  tube,  subject  pay- 
loads  to  more  than  50,000  gfs  as  they 
blast  out  of  the  barrel.  Accelerating 
from  zero  to  two  miles  per  second  in  30 
feet  wifi  squash  most  conventional 
electronics  like  a bug  on  a windshield. 


But  EMSL  proponents  say  they  have 
an  answer.  The  Pentagon's  SDI  organ- 
ization believes  electronics  can  be 
modified  to  withstand  the  rigors  of  a 
short  barrel  gun  launch  by  "hardening" 
the  sensors.  Toward  that  end,  SDI  has 
funded  Project  LEAP  (Lightweight 
Exoatmospheric  Projectile)  to  develop 
four-pound  projectiles  that  would 
include  not  only  guidance  capability 
but  also  manuevering  thrusters-all 
able  to  withstand  50,000  g’s.  While 
SDI  is  interested  in  building  missile 
interceptors,  the  same  hardened  elec- 
tronics could  be  applied  to  micro- 
spacecraft. 

With  a two-mile  launch  tube,  such 
precautions  might  not  be  necessary- 
accelerations  would  be  slower  and 
more  gentle,  Estimates  of  the  capital 
investment  required  to  build  such  a 
device  run  around  $600  million.  Once 
that  expense  is  amortized,  the  launch 
energy  costs  would  be  under  a dollar 
per  pound  of  payload. 

Most  EMSL  experts  say  wefre  still  a 
long  way  from  backyard  space  launch- 
ers. But  they  also  argue  that  EMSL 
is  such  a simple,  inexpensive  technol- 
ogy that  it  offers  the  first  practical 
opportunity  to  de  monopolize  space 
commerce. 

-Terry  L,  Metzgar 
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engineers  who  created  it,  and  the  best 
way  to  realize  a “spinoff”  from  the  proj- 
ect could  be  to  cancel  it  altogether  and 
reassign  personnel  throughout  other 
ailing  Soviet  industries.  Buran’s  termi- 
nation would  simultaneously  mollify  a 
hostile  public  and  an  embittered  scien- 
tific establishment. 

Speaking  to  the  Congress  of  Depu- 
ties last  May,  Mikhail  Gorbachev 
stressed  his  acceptance  of  the  profit 
motive  for  space  spending:  "The  latest 
developments  made  during  the  Buran 
project  alone  could  have  significant 
benefit-worth  billions  of  rubles-if  they 
are  passed  on  to  national  economic 
enterprises  and  organizations,”  he 
said.  “One  must  bear  in  mind  that  only  if 
that  happens  will  the  money  we  spend 
to  master  space  be  justified.” 

But  with  an  aroused  public  demand- 
ing action,  space  is  a handy  scape- 
goat, already  tried  and  convicted  in  the 
court  of  public  opinion.  If  space  spend- 
ing takes  the  blame  for  the  deeper 
maladies  that  afflict  Soviet  industry, 
cutting  it  may  be  the  wrong  cure.  Buran 
and  other  projects  would  be  strangled 
for  short-term  political  benefits,  which 
would  be  followed  only  by  deeper  eco- 
nomic collapse.  It  is  not  an  auspicious 
forecast. 

Meanwhile,  Soviet  space  officials  will 
have  to  learn  how  to  answer  the  ques- 
tion that  has  long  plagued  their  Ameri- 
can counterparts:  Is  the  space 
program  worth  it?  □ 

James  Oberg  is  a long-time  observer 
of  the  Soviet  space  program.  His  books 
include  Red  Star  in  Orbit,  The  New 
Race  for  Space  and  Uncovering  Soviet 
Disasters. 
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grind,  because  Skyiab  had  no  real 
color.  It  was  mostly  very  dull,  either 
white  or  very  light  pale  green  or  tan,  or 
metallic.  The  quarters  had  no  real 
pleasantness  and  not  much  capability 
to  personalize  them  other  than  maybe 
to  tape  your  family  pictures  to  the  door 
of  a locker.  I think  six  months  in  Skyiab 
would  have  been  pretty  tough.  After  84 
days  we  were  feeling  like  it  was  a pretty 
monotonous  place  to  live. 

I don't  think  you  have  to  gold  plate  it. 
A little  color  doesn't  cost  a lot  of  money 
Some  texture  on  a waif  doesn’t  cost  a 
whole  lot  of  money  But  if  you  start  talk- 
ing video  games  and  a personal  VCR  in 
every  crew  quarters  and  that  kind  of 
stuff,  you're  probably  talking  about  a lit- 
tle bit  more  money  than  folks  want  to 
spend. 

I think  the  longer  you  keep  people 
up,  the  more  amenities  you  had  better 
be  prepared  to  provide.  You  can  frus- 
trate human  needs  for  short  periods  of 
time,  but  as  the  time  gets  longer  you 
had  better  start  satisfying  them. 

Shuttle  crews,  for  example,  might  be 
perfectly  satisfied  with  a tray  that 
straps  to  your  lap  so  you  can  squat 
down  in  a corner  somewhere  and  eat 
your  meal.  But  after  you’ve  been  up 
there  a longer  time,  that  isn't  quite  as 
pleasant  a way  to  have  your  meal.  It 
really  is  nice  to  have  a gathering  place 
where  you  can  recapture  a little  bit  of 
Earth  life  and  have  a meal  together  and 
conversation  over  the  table 

On  shuttle  flights  you  could 
schedule  people  right  up  to  the  hilt.  You 
could  work  them  until  they  were  crazy 
and  tired,  but  they  knew  that  after 
seven  or  ten  days  it  would  be  all  over 
and  they  could  catch  up  on  their  sleep 
and  get  their  sense  of  humor  back.  So 
everybody  was  willing  to  do  that 
because  they  could.  Their  stamina 
would  allow  them  to  do  it. 

But  when  you  start  stretching  mis- 
sions out  to  30, 60, 90  and  180  days,  you 
have  a whole  different  kind  of  mindset 
that  you  have  to  deal  with.  In  fact,  peo- 
ple are  going  to  go  up  there  and  set  up 
housekeeping  They're  not  on  a camp- 
ing trip. 

The  indications  we’re  getting  from 
the  Soviets  are  that  toward  the  end  of 
their  long  missions  they  were  getting 
not  much  more  than  about  two  and  a 
half  hours  of  productive  work  out  of  a 
given  day  It’s  kind  of  sobering  that  we 
might  end  up  that  way  on  space  station. 
But  quite  frankly  I don't  think  we  will, 
because  the  Mir  is  a rather  austere 
environment.  And  if  you  take  care  of  the 
amenities  and  keep  people  motivated, 
my  guess  is  that  folks  on  space  station 
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you  can  use  it  anywhere  in  the  world  without  needing  AC  power;  finderscope;  a 40x 
eyepiece  (other  optional  eyepieces  available  for  observing  at  powers  from  25x  to  250x); 
lifetime  warranty  from  Meade  Instruments,  the  leading  U.S.  telescope  manufacturer;  and 
more!  $1200  list,  your  price  is  only  $699.  You  save  over40%! 

Send  a stamped  self-addressed  envelope  today  for  our  free  catalog  and  discount  price 
list  88F  showing  your  savings  of  up  to  60%  on  scores  of  telescopes,  birding  binoculars, 
and  spotting  scopes  from  every  major  manufacturer  - at  prices  from  $49  to  $14,000! 


/Tf  /1 1T|  1/10  2401  Tee  Circle,  Suites  105/106 

vf/OI U M i/U  # # Norman,  OK  73069  (800)  422-7876 

10:00  to  5:30  CST,  Monday  thru  Friday  - Within  Oklahoma,  (405)  364-0858  - Our  1 1 th  year  of  saving  you  money  on  quality  optics. 
MasterCard.  Visa,  American  Express,  Optima,  Discover  (Add  3%  freight  on  credit  card  purchases.)  US  and  Canadian  sales  only. 


SATELLITE  SIMULATION  AND  DISPLAY  PROGRAM  FOR  PC’s 

A highly  accurate  orbit  simulation  program  for  PC’s  capable  of  displaying  up  to  9 satellites  at 
the  same  time.  Employs  NORAD,  NASA,  or  User  generated  elements. 


CHOICES  FOR  GRAPIC  DISPLAYS 

* Ground  track  on  earth  map/grid 

* Space  view  of  orbits 

* Range  between  ASAT  and  targets 

* A z,  El,  Range  from  ground  site 

TEXT  DISPLAY  DATA  INCLUDES 

* List  of  satellites  color-coded 

* Start,  stop,  current  run  time 

* Keys  for  user  selections,  etc. 


Uses  "General  Perturbation”  integration  with  J2-J5  zonal  gravity.  2nd  order  correction  to 
semi-major  axis.  Accepts  mean  or  osculating  orbital  elements. 

Requires  EGA  (or  VGA)  type  monitor.  XT,  AT,  Compaq,  clones.  DOS  2 or  higher. 

For  immediate  delivery  of  ORBDRAW  program,  instructions,  current  file  of  orbital  elements  for 
approximately  120  satellites,  and  several  element  and  earth  constant  handling  routines; 
specify  5 1/4"  or  3 1/2"  media,  send  check  for  $139.00  to 


GAO  Associates 
P.O.  Box  60333 
Florence,  MA  01060 


For  demonstration  diskette,  send  check  for  $4.00  to  cover  postage  and  handling.  Allow  4-6 
weeks  for  delivery  of  demonstration  diskette. 


Mass,  residents  add  5%  sales  tax. 


Phone:  413-586-3999,  9am-3pm  Eastern  time 


will  be  significantly  more  productive 
than  what  Soviet  experiences  have 
been  so  far. 

Final  Frontier:  What  about  the  peo- 
ple who  will  command  the  space  sta- 
tion? Will  they  have  to  be  different 
personalities  from  shuttle  command- 
ers? 

Carr:  I don’t  know  about  that.  Lead- 
ership is  leadership.  The  big  thing  you 
have  do  for  the  [space  station  com- 
mander] is  to  teach  him  the  skills  to 
manage  the  situation.  In  the  past  our 
leaders  have  not  had  to  deal  with  inter- 
personal kinds  of  problems  and  stress 
management  and  stuff  like  that, 
whereas  I think  in  this  case  they  are 
going  to  need  it.  I can’t  help  but  think 
that  the  guys  who  led  well  before 
wouldn’t  lead  just  as  well  in  this  situa- 
tion if  given  the  right  kind  of  training 
and  experience. 

Final  Frontier:  On  the  space  station 
you’re  going  to  have  crew  members 
from  different  cultures.  Will  that  cause 
any  problems? 

Carr:  I don’t  think  so.  I think  it  is  going 
to  be  important  that  people  be  trained 
and  understand  and  know  each  other 
beforehand.  For  instance,  if  you  have  a 
whole  crew  full  of  Christians  and  you 
have  two  Moslems  on  with  you,  the 
Christians  need  to  understand  where 
the  Moslems’  religious  beliefs’  lap  into 
their  daily  life.  By  the  same  token,  the 
Moslems  need  to  understand  the 
Christians.  There  is  going  to  be,  I think, 
a necessity  for  people  to  get  trained  on 
how  people  of  different  cultures  deal 
with  things  like  anger  and  frustrations. 

Final  Frontier:  Is  there  any  need  for 
a space  station  simulator  where  people 
could  actually  live  and  work  together 
on  the  ground  before  they  go  up  in 
orbit? 

Carr:  There  is  a lot  to  be  said  about 
that.  We  did  mini-sims  before  Skylab  in 
which  we  were  able  to  look  at  whole 
days  of  activities  and  try  to  put  all  of 
these  parts  together  and  see  how  a day 
worked.  I think  it  is  going  to  be  impor- 
tant that  we  do  that  on  space  station  as 
well.  There  are  ways  that  can  be  done. 
A crew  could  go  to  the  Antarctic  and 
spend  90  days  together  in  an  outpost 
working  together  and  doing  a lot  of  the 
work  they  would  be  doing  together  and 
understanding  the  group  dynamic.  You 
could  just  put  them  in  a simulator  in 
Houston  or  somewhere  in  the  U.S.  and 
keep  them  together  for  a period  of  time 
in  order  to  give  them  an  opportunity  to 
feel  out  the  group  dynamic. 

Final  Frontier:  Is  that  in  the  planning 
now? 

Carr:  No.  I think  people  are  still 
wrestling  about  just  how  to  go  about  it, 
but  I think  we  will  end  up  having  to  do 
something  like  that.  □ 
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Ed  Gibson 

continued  from  page  45 


ought  to  have  the  ground  and  the  per- 
son onboard  working  in  harmony,  with 
each  consulting  the  other,  and  not  have 
tele-science  be  strictly  “tele-robotic.” 
In  other  words,  you  can’t  just  use  the 
guy  up  there  as  a high-priced  robot  for 
the  guys  on  the  ground.  That  doesn't 
make  sense.  Then  you’ve  got  the  wrong 
guy  up  there. 

If,  however,  you  have  20  different 
experiments  and  no  one  onboard  can 
be  expert  in  all  of  them,  then  the 
onboard  guy  makes  the  first  cut  at  run- 
ning it,  and  the  guys  down  on  the 
ground  can  critique  it  and  give  some 
real  time  updates. 

Final  Frontier:  Some  people  raise 
the  question  of  whether  you  can  do  all 
types  of  science  on  one  platform. 

Gibson:  Well  you  really  can’t,  not  in 
the  optimum.  It's  going  to  be  a com- 
promise initially.  You’re  looking  for  two 
different  kinds  of  space  stations, 
depending  on  whether  you  come  at  it 
from  a materials  science  standpoint, 
where  you  want  a perfectly  still  station 
with  no  vibration  and  a lot  of  power,  ver- 
sus life  science,  where  you  need  less 
power,  and  you  can  tolerate  a lot  of 


vibration. 

But  I can  see  the  day,  once  we  get  a 
little  further  along,  when  we're  going  to 
find  ways  to  break  off  materials  pro- 
cessing into  something  like  the  pro- 
posed Industrial  Space  Facility.  Once 
we  get  a little  smarter  on  how  to  let 
experiments  run  for  a longer  period  of 
time  [automatically]  you  could  put 
them  out  in  the  industrial  facility.  So  I 
think,  in  the  very  long-term,  we're  talk- 
ing about  multiple  stations  up  there. 

But  right  now  we  really  don’t  know 
what  we  are  trying  io  go  after  Materials 
processing  in  space  is  in  its  infancy.  It's 
like  a lab  down  here-you’ve  got  to  get 
some  day-to-day,  hands-on  experi- 
ence at  trying  various  things  before 
you  fully  develop  them.  That’s  what  a 
space  station  is  all  about. 

Final  Frontier:  Do  you  think  there’s 
some  under-appreciated  area  of 
research  that  will  become  important  on 
Freedom? 

Gibson:  Yes,  one  thing  we’ve  always 
tried  to  sell,  without  a great  deal  of  suc- 
cess, is  manned  Earth  observation. 
Landsats  and  other  Earth-viewing 
satellites  are  extremely  valuable,  but 
there  is  a whole  host  of  Earth  sciences 
which  can  benefit  by  having  a human 
observer  up  there. 

If  you  think  about  yourself  being 


The  Wo  rid  Timecapsule 


A journey  through 
space  and 
time. 


In  the  year  2000  a collection  of 
images,  literature  and  sounds  which 
chronicle  the  existence  of  the  human 
race  will  be  sent  on  an  infinite 
journey  into  outer  space.  Before  it 
goes  it  will  have  contributed  to  the 
educational  and  cultural 
enrichment  of  countless  human 
lives,  uniting  people  the  world  over 
in  a common  cause  for  humanity. 


You  can  become  a part  of  this 
historic  endeavor,  and  have  your 
name  or  even  your  thoughts 
preserved  forever  in  the  depths  of 
outer  space.  Send  for  your  free 
brochure  today. 

The  World  Timecapsule  Fund 
3300  Louisiana  Ave.,  So. 

Suite  415 

Minneapolis , MN 55426 


’The  most  comprehensive  video  covering 
America’s  interplanetary  adventures  anywhere...” 


MERCURY  - Mariner  10  captures  close-up  footage  of  the  harsh 
topographical  features  of  the  innermost  planet. 

VENUS  - Time-lapse  photography  reveals  phenomenal  cloud 
formations  and  the  counter-rotating  Venusian  atmosphere. 
MARS  - Fascinating  Viking  footage  from  the  surface  of  the  Red 
Planet. 

JUPITER  - Captivating  footage  from  Voyagers  I and  II  of  the 
Great  Red  Spot  and  the  bands  of  the  Jovian  atmosphere. 
SATURN  - Spectacular  highlights  from  the  Saturnian  system. 
Watch  Voyager  II  pass  through  the  rings  of  Saturn  and  visit  its 
many  moons. 

URANUS  - Voyager  II  continues  on  its  historic  flight  through  our 
solar  system  and  discovers  the  rings  of  Uranus  and  several  new 
moons. 


“A  definite  must  for  your  video  library!” 
Order  your  copy  today! 


Starbound  Enterprises 

5456  East  Descanso  Circle,  Colorado  Springs,  CO  80916 

□ Send  me,  under  your  unconditional  guarantee,  the  "Voyage  to  the  Planets" 
video  Payment  ol  S19.95  plus  Si  50  lor  shipping  is  enclosed  (Canada  and 
Mexico  $2.50  or  S3. 50  Airmail.  Overseas  $3.00  or  $6.50  Airmail). 


O Charge  to  my  credit  card  □ VISA  □ Mastercard 

Card  No Exp.  Date 

Signature: 

O Send  brochure  describing  other  STARBOUND  products. 

Please  specify  □VHS  □ Bela  □ PAL- VHS  ($29.95) 


Ship  to 


Name  (print) 


Full  Color,  90  Minutes  ONLY  S1 9.95! 


C'ty  State  Zip 
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ROYALTY  AMONG 
WRITING  INSTRUMENTS 

Town  and  Country  Space  Pen  Set  by  Fisher 


The  luxurious  Crown  Imperial 
partnered  by  a matching 
compact  Bullet  Elite  which 
conveniently  fits  in  your  pocket, 
yet  opens  to  a full-sized  pen. 


Each  pen  is  hand  crafted  with 
multiple  luminescent 
layers  of  high  gloss  lacquer ; 

24k t gold  plated  trim  and 
solid  brass  construction. 

The  Fisher  Space  Pen 
zorites  at  any  angle,  under 
water,  in  any  climate,  and  carries  an 
unconditional  lifetime  guarantee. The  only  pen  accepted 
for  use  by  NASA  on  manned  space  flights. 


Available  in  Midnight  Blue,  Black  or  Bordeaux,  this  extraordinary 
set  can  be  yours  for  only  $99.95  + $1.50  shipping  & handling. 

ORDER  TOLL  FREE  with  credit  card  1-800-24-LUNAR 


FINAL  FRONTIER  PEN  SET 
2400  Foshau  Toivcr 
Minneapolis,  MN  55402 
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■CINE  THE  THRILL  Of  THE  COUNTDOWN 
INNING  “ ALL  SYSTEMS  ARE  GO.  THE  LIFI  OFF 
INS  AND  YOira  IN  ORBIT.  IT'S  SOME THING  WE 
AH  DREAM  ABOUT. . . THE  ADVENTURE  Of  GOING 
10  SPACE. 

THE  THRILL  NOW  COMES  ALIVE  WITH  SPACE 
SHUTTLE  ADVENTURE™. , . A GAME  ENDORSED  BY 
THE  U S.  SPACE  ACADEMY  THAT  IS  NOT  ONLY  AN 
ADVENTURE  BUT  A EARNING  EXPERIENCE  EOR 

WJGAfCO D. 


■ DISCOVE  R THE  ADVEN  TURE . TH  E OBSTAC  LE  S THE 
ASTRONAUTS  MUST  OVERCOME . . , FROM  THE 
.f  CHALLENGE  OF  PfiE-LAUNCK  AND  THE  THRILL  OF 
- LIFT-OFF  TO  THE  UNCERTAINTIES  OF  OftBIl  AND 
THE  CELEBRATION  OF  RE-ENTRY.  YOU'LL  LEARN  THE 
TERMS  AND  FEEL  THE  ADVENTURE  AS  IF  YOU  WERE 
A PART  OF  OUR  GREAT  SPACE  PROGRAM. 


ONLY$  19.95 

price  includes  delivery 

For  immediate  delivery  send 
cash  or  money  order, 
your  name  and  address  to: 
SOLAR  WIND  TOYS  lNCr 
532  Greenbrier,  S.E, 

Grand  Rapids. 

Michigan  49506 
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above  the  Earth,  you've  got  choices  in 
the  direction  you  look,  in  the 
wavelength  you  observe  in,  and  the 
time  when  you  observe.  Fault  zones,  for 
example,  are  more  or  less  apparent 
depending  upon  the  angle  of  sunlight. 
You  can  see  weather  patterns  like  thun- 
derstorms and  try  to  understand  the 
interrelationships,  or  watch  lightning 
ripple  through  a whole  cloud  system 
that  covers  half  the  country. 

There's  a whole  host  of  things  that  go 
on  in  our  atmosphere  and  oceans 
which  are  very  transient,  and  which 
depend  on  how  and  when  you  look  at 
them.  I think  there  is  just  so  much  more 
that  can  be  done,  ahd  human  obser- 
vers may  help  you  design  sensors  to 
get  better  data. 

Final  Frontier:  When  you  make 
these  kinds  of  arguments,  do  the  peo- 
ple working  on  Freedom  listen  to  you 
and  the  other  Skylab  astronauts? 

Gibson:  Well,  to  some  degree  We 
occasionally  get  asked,  but  most  of  it  is 
going  to  evolve  on  its  own.  I think 
they're  going  to  have  to  learn  their  les- 
sons all  over  again,  to  be  truthful.  □ 


Bill  Pogue 

continued  from  page  45 

country- if  we  don't  understand  it  too 
well,  we  overkill  it  by  a factor  of  ten, 

I wish  I were  smart  enough  to  know 
exactly  what  tests  to  do  to  minimize  the 
impact  on  the  crew.  But  personally,  1 did 
not  like  being  the  guinea  pig  [on  Sky- 
lab],  and  I don't  think  any  of  the  current 
astronauts  like  to  be  guinea  pigs. 

Final  Frontier:  You’re  talking  about 
the  reluctance  by  the  biomedical  peo- 
ple to  commit  to  stays  longer  than  90 
days? 

Pogue:  Yes.  I’m  sensitive  to  the  med- 
ical profession's  need  to  understand 
what's  happening  to  the  human  body 
intellectually,  I appreciate  the  need  for 
doing  some  medical  testing  to  make 
sure  were  not  going  to  hurt  somebody 
or  cause  some  kind  of  long-term  med- 
ical problem.  On  the  other  hand,  as  a 
crew  member  who's  participated  in  a 
lot  of  those  medical  tests.  I just  got  sick 
and  tired  of  them.  I don't  like  having  to 
weigh  in  every  time  I go  to  the  toilet,  or 
have  blood  drawn  every  two  weeks.  I 
think  that  probably  what's  going  to  hap- 
pen  is  that  they'll  make  the  tests  less 
invasive,  to  which  I say  "Hooray!”  The 
medical  testing  can  get  to  the  point 
where  ft's  highly  detrimentaf  to  the 
operations  onboard.  That's  the 
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dilemma  you’re  dealing  with. 

Final  Frontier:  Why  not  have  a des- 
ignated medical  guinea  pig  on  the 
crew? 

Pogue:  Well,  that’s  exactly  what  we 
said:  “Send  your  own  subjects  up.” 
And  they’d  probably  have  more  than 
enough  volunteers.  But  you  can’t  just 
go  up  there  and  do  nothing  but  med- 
ical tests  on  people.  Although  it  would 
be  nice  to  have  dedicated  test  sub- 
jects, the  truth  of  the  matter  is  you  can’t 
afford  it.  You  have  to  justify  anywhere 
from  $25,000  to  $36,000  an  hour,  which 
is  what  it  costs  for  a crew  member  to  be 
up  there. 

Final  Frontier:  Can  you  think  of 
some  piece  of  equipment  or  procedure 
that  would  have  made  your  life  on  Sky- 
lab  easier,  something  that  they  should 
have  onboard  Freedom? 

Pogue:  One  of  the  things  they  have 
on  the  shuttle  now,  but  which  we  did  not 
have,  was  a way  of  accessing  flight 
dynamics  data  to  determine  where  you 
are  at  any  specific  time.  We  could  do 
this  manually,  with  a map  on  Skylab,  but 
it  was  not  easy  to  figure  out  when,  say, 
you  were  going  to  go  over  Chicago. 

The  thing  I think  will  really  be  a big 
help  is  a level  of  automation  on  the 
space  station  that  relieves  you  from  tri- 
vial and  boring  tasks.  For  instance,  I 


had  one  instrument  on  Skylab  that  I had 
to  turn  on,  and  it  took  only  one  second 
to  flip  the  switch.  But  I had  to  do  it  at  a 
certain  time.  And  it  was  one  of  the  more 
irritating  tasks  I had  to  do,  because  I 
had  to  mentally  program  myself,  while  I 
was  doing  other  work,  to  remember  it. 
Twice  I didn’t  do  it,  because  I had  a 
mental  lapse.  That  could  have  very 
easily  been  automated. 

The  systems  don’t  have  to  be  ultra- 
sophisticated  to  relieve  the  crew  mem- 
bers of  a lot  of  nagging  or  irksome  work. 

Final  Frontier:  Anything  else  you 
wished  you’d  had  when  you  were  up 
there? 

Pogue:  Yes.  Instrument  simulators. 
Flying  an  instrument  without  a good 
Earthbound  simulator  is  complete  folly. 
We  had  a couple  of  instruments  for 
which  we  had  never  seen  a display  or 
the  actual  view  until  we  got  up  there.  I 
fouled  up  one  investigation  in  particu- 
lar, because  I was  looking  in  this  thing 
and  seeing  what  I thought  was  the  hori- 
zon of  the  Earth,  and  after  two  or  three 
sessions,  I finally  realized  I was  seeing 
the  reflection  of  my  cornea  in  the  lens. 
We  didn’t  have  a simulator  for  that,  and  I 
didn’t  quite  know  what  to  look  for.  I don’t 
think  that’s  going  to  be  a problem, 
though.  I think  we’ve  learned  our  lesson 
on  that  one.  □ 


Here's  your  chance 
to  achieve  a small 
moral  victory. 

What  would  you  do  if  you  saw  a lost, 
frightened  child? 

You’d  probably  stop,  pick  him  up,  brush  away  his 
tears,  and  help  him  find  his  way.  Without  even 
thinking  about  it.  And  there’s  a reason. 

You  know  what’s  right. 

And  right  now,  you  can  do  just  that. . .by  reaching 
out  to  one  desperately  poor  child,  thousands  of 
miles  away. 

Through  Foster  Parents  Plan  you  can  make  possible 
nutrition  and  health  programs,  schooling— and 
nope.ln  return,  you’ll  receive  pictures  of  the  child, 
detailed  progress  reports,  and  letters  written  in  the 
child’s  own  words. 

can  toll  free  1-800-443-3499 

Foster  Parents  Plan  is  non-profit  and  non-sectarian.  Our 
financial  report  filed  with  the  New  York  Dept,  of  State, 
Albany,  NY  or  Foster  Parents  Plan  is  available  upon  request. 


HI  Foster  Parents  Plan 

Help  so  complete,  it  touches  a child  for  life. 
Send  to:  Foster  Parents  Plan,  Inc. 

P.0.  Box  877,  Dept.  33 
Providence,  Rl  02901 

□ Enclosed  is  a check  for  $22  for  my  first  month’s  support 
of  my  Foster  Child.  Please  send  me  a photograph,  case 
history,  and  complete  Foster  Parent  Sponsorship  Kit. 

□ I am  not  yet  sure  if  I want  to  become  a Foster  Parent, 
but  I am  interested.  Please  send  me  information  about  a 
child  I could  sponsor. 
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TO  EX_P_LO_R_E  OJJTE_R  SP_ACEJ 

Go  on  a mission  to  space  with  a five-year 
subscription  to  FINAL  FRONTIER.  This  is  an  opportunity 
for  those  who  feel  strongly  about  space  exploration. 

For  a limited  time  we  are  offering  a five-year 
subscription  to  FINAL  FRONTIER  for  only  $49.97. 

You  will  save  52%  off  our  newsstand  price  and  over 
$39  off  our  regular  one-year  subscription  rate.  Start 
your  mission  today  with  FINAL  FRONTIER! 


SUBSCRIBE  Ah 

YES!  Send  me  a five-year  ipr  I IWI  I I 

FINAL  FRONTIER  at  the  low  price  of  only  $49.97 

That's  52%  off  the  newsstand  price! 

With  this  limited  offer  you'll  receive  a FREE  official 
NASA  patch  with  your  paid  subscription! 

name 


address 


state 


□ payment  enclosed  □ bill  me  JPP*5890 

To  order  with  credit  card  call  1 (800)24-LUNAR 

Please  allow  6-8  weeks  delivery;  Canadian  rate  $69.97,  all  other  countries  $89.97. 
Payment  in  U.S.  currency  must  accompany  all  foreign  orders 
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wind  up  in  every  toy  closet  in  America, 
they  rely  on  proven  formulas,  and  for 
the  most  part  they  succeed  in  translat- 
ing the  space  program  to  the  game 
board. 

"Space  Shuttle  Adventure,”  which  is 
marketed  through  catalogs,  specialty 
stores,  museums  and  a limited  number 
of  retail  stores,  makes  for  a pleasant 
half  hour  of  diversion.  The  play  is 
straightforward,  maybe  even  a bit  too 
simple.  The  first  person  to  round  the 
board  and  land  their  shuttle  wins. 

The  game  has  enough  trinkets  (the 
markers  are  little  shuttles)  to  keep  kids 
entertained,  and  if  you  actually  want  to 
learn  something  about  EVA’s  and  APU’s 
as  you  hop  from  square  to  square, 
there’s  a glossary  that  gives  a good- 
but  not  too  detailed-explanation  of  the 
terms  you  encounter  during  your  shut- 
tle "mission.” 

The  obstacles-malfunctioning  fuel 
cells,  broken  down  tracking  satellites 
and  the  like-are  realistic  enough  to 


Liftoff!  The  Race  to  the  Moon  Game 
By  Fritz  Bronner 
Task  Force  Games 
$28.95 


Space  Shuttle  Adventure 
Solar  Wind  Toys 
$25.00 

By  Tbny  Reichhardt 


Why  are  some  board  games  fun 
for  the  whole  family,  and 
others  the  death  of  the  party?  What 
makes  shoppers  claw  at  each  other  to 
grab  the  last  box  of  Trivial  Pursuit  off  the 
shelf,  while  I have  yet  to  meet  a single 
person  who’s  ever  played  Perquacky?  If 
we  knew,  we’d  all  have  a million  dollars, 
and  not  just  in  Monopoly  money. 
Apparently  there’s  more  to  creating  a 
hit  game  than  a couple  of  dice  and  Art 
Linkletter’s  stamp  of  approval. 

Although  neither  "Liftoff!"  nor 
"Space  Shuttle  Adventure”  are  likely  to 


ATTENTION  STUDENTS,  EDUCATORS,  AND  CAREER  COUNSELORS: 


toll  or  Write 
for  Ditails 


IRS  Authorization  #84-1013928  , 


J children’s  future  is  among  the  F 

j stars,  and  would  like  to  see  "State  of  \ ^ 

[ the  Art"  space  science  education  in  our  J J 
) schools,  then  Colorado’s  largest  public  Ls 
I observatory  needs  your  help  to  accomplish  a unique 
\ national  space  mission.  J 

v Please  help  us  create  future  generations  of  3 
\ pro-space  citizens.  Send  your  tax-deductible  5 
V.  donation  to:  Black  Forest  Observatory  J 
\ 12815  Porcupine  Lane  / 

i , Colorado  Springs,  CO  80908  f 

l\  Call  1-719-495-3828  for  ( 

JLy  V Visa/MC  donations.  \ 


READ  IT 
AND  REAP! 

Finally  there's  a single  source  you 
can  turn  to  for  beginning  a 
career  in  America's  space 
program. 


WHETHER  YOUR  INTEREST  IS  IN  AERONAUTICAL 
ENGINEERING  OR  PLANETARY  SCIENCE... 

“Careers  In  Space”  is  a concise  and  colorful  how-to 
guidebook  that’s  packed  with  16-pages  of  vital  career 
information  and  resource  listings. 

Including: 

• America’s  Space  Agenda:  A Universe  of  Opportunities 

• Space  Education  Curriculum  Guide 

• Listings  of  Space  Colleges  & Universities  (by  degree 
program) 

• The  Job  Market:  Your  Best  Employment  Prospects 

• Where  to  Send  Your  Resume 

Single  copies  and  bulk  quantities  available.  Order  Tbdav! 
Call  TOLL-FREE  1-800-24- LUNAR  for  delivery,  prices 
and  options. 


M Nonprofit  Corporation 


J Funding  Proposals  1 
Submitted  Upon  Request 


QUANTITIES 
25400 
101-500 
501-1,000 
1000  + 


COST 

$L25/ea. 

$100/ea. 

$ .75/ea. 

Contact  Mary  Welch 
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remind  you  how  annoying  real  shuttle 
delays  are,  but  somehow  it  all  keeps 
moving.  I was  happily  discovering  new 
galaxies  and  performing  spacewalks 
until  my  pilot  was  blinded  by  a Sun 
burst.  Who  knows,  if  my  ten-year  old 
niece  hadn’t  gotten  four  lucky  rolls  in  a 
row,  I might  even  have  won  without 
cheating. 

If  it’s  complication  you  want,  try  “Lift- 
off!" Remember  those  war  strategy 
games  in  eighth  grade,  where  players 
re-created  the  Battle  of  Anzio  in  their 
parents’  den  for  weeks  on  end?  (I 
always  gave  those  guys  a wide  berth 
when  I passed  them  in  the  hallway,  and 
made  a point  to  smile.)  "Liftoff!"  offers  a 
similar  level  of  detail  as  it  faithfully  rep- 
resents the  events  that  led  up  to  the 
Apollo  11  Moon  landing  in  1969. 

It  won't  take  weeks-the  game’s 
creators  say  it  should  take  from  three  to 
five  hours  to  play-  but  “Liftoff!"  does 
require  an  investment  of  time  and  con- 
centration. Never  having  tried  one  of 


OFFICIAL  GALILEO 
COLLECTORS  SET 


SHOW  YOUR  SUPPORT  OF  NASA 'S  GALILEO  PROJECT! 


SEUNOUBESi 

✓Black  T-shirt  or  sweat  shirt  of  100%  cotton  with 
stunning  full-color  art  depicting  Galileo  and 
probe  entering  Jupiter's  stormy  atmosphere 

✓STS-34  Official  Mission  Patch 
✓Official  Galileo  Project  Pin 

Only  $24.95/T-shirt 
or  $34.95/Sweatshirt 

Please  add  $2.00  for  shipping  & handling. 
Specify  S.M, LG  ,X.LG 

To  order  with  credit  card  call  1 (800)24-LUNAR 

or  send  check  or  money  order  to: 

Final  Frontier  Galileo  Set 
2400  Foshay  Tower 
Minneapolis.MN  55402 


these  strategy  games,  I found  myself 
frustrated  just  getting  through  the  20- 
page  instruction  manual,  which  reads 
in  places  like  a tax  form.  My  recom- 
mendation, unless  your  friends  are 
exceptionally  patient,  is  to  study  the 
instructions  thoroughly  before  you 
invite  them  over,  so  you  don’t  have  to 
consult  the  manual  at  every  step. 

But  once  play  begins,  “Liftoff!" 
makes  for  an  absorbing  time.  Four 
teams-from  the  United  States,  Soviet 
Union,  Europe  and  Asia-conduct  a 
sequence  of  space  missions  leading 
up  to  the  manned  lunar  landing  that 
wins  the  game.  Play  begins  in  1956,  and 
essentially  retraces  the  history  of  the 
U.S.  space  program,  beginning  with 
orbital  satellite  missions  and  pro- 
gressing up  through  manned  flights  of 
one,  two  and  three  astronauts. 

Each  player  receives  “megabucks” 
every  year  with  which  to  buy  hardware 
and  invest  in  research,  and  the  budget 
rises  or  falls  depending  on  “event 


cards”  that  represent,  among  other 
things,  the  vagaries  of  political  support 
and  how  well  your  test  programs  go. 

In  most  cases,  the  prudent  thing  to 
do  is  to  go  slowly  and  invest  in  the 
research  that  improves  your  chance  of 
succeeding.  But  you  can  rush  your  mis- 
sions if  you  want;  it  simply  costs  more 
money  and  reduces  your  safety  mar- 
gins. (By  sheer  luck,  two  of  my  brave 
astronauts,  Lt.  Yee  and  Lt.  Kim,  com- 
pleted the  equivalent  of  a Gemini  mis- 
sion onboard  their  Futari  two-person 
capsule  in  1958,  instead  of  in  1965,  as 
NASA  did.) 

If  you  want  to  make  things  even  more 
involved,  there  are  plenty  of  advanced 
rules  about  espionage,  diplomacy,  res- 
cues, even  bartering  among  the  differ- 
ent nations.  It  all  rings  true,  in  more 
ways  than  one.  Despite  all  the 
strategizing,  a lot  of  times  it  seems  to 
come  down  to  a roll  of  the  dice.  Which, 
come  to  think  of  it,  is  probably  the  way 
NASA  managers  feel  sometimes.  □ 


RESCUE  MISSION 

STS-32:  SAVE  THE  TOMATOES! 

Final  Frontier’s 
Shuttle  Mission  Club 
IIL  Join  the  “Rescue 
Mission”!  Retrieve 
the  LDEF  HURRY 
supplies  are  limited. 

You  Receive: 

^ Mission  Highlights 

Video  (including  post 
mission  conference) 

^ Press  Kit 
Orbit  Track  Map 
^ Flight  Plan 
^ Crew  Photo 
^ Binder  for  convenient 
storage 

MONEY  BACK 
GUARANTEE! 


Just  Rll  Out  This  Coupon  & Return  To:  Final  Frontier  Shuttle  Club 
2400  Foshay  Tower;  Minneapolis,  MN  55402 

or  CALL  TOLL  FREE1-800-24-LUNAR  for  fast  delivery. 

□ YES!  Rush  me  my  STS-32  Shuttle  Mission  Club  Kit  for  only  $39.95  + $3.00  S/H.* 

METHOD  of  PAYMENT 

Name  (please  print) 

□ Check/Money  Order  □ Visa  □ M/CD  AMEX 

Address 

City  Stlti  Zip  Credit  Card  No.  Exp.  Date 

Daytime  Phone  Signature 

Call  for  overnight  delivery  price* 

For  Canadian  surface  shipment  add  $5.00,  overseas  add  $700 

Allow  at  least  4 weeks  after  completion  of  the  mission. 


Not  actual  STS-32:  Sample  shown  is  STS-30 


Classifieds 


VIDEOS 


SPACE  VIDEOTAPES 

Quality  NASA  produced  videotapes  on 
Apollo-Lunar,  Mercury,  Gemini,  Challenger,  and 
unmanned  probes  Mariner,  Voyager,  and  Viking 
Write  for  our  FREE  illustrated  catalog  . 
SPECTRUM  Video,  Dept.  F 
PO  Box  3698,  Ontario,  CA  91761 


SPACE  FLOWN  MEMORABILIA  & VIDEOS 

ACTUAL  SPACE  FLOWN  Articles  along  with  actual  APOLLO 
CM  & LM  Hardware  & Apollo  Tracking  Charts!! 
Over  40  1 Hr.  Mission  Videos  containing  over  60  MISSIONS. 
Examples:  Apollos  10  & 11,  12  & 13.  14  & 15.  16  & 17; 
Plus  all  Shuttle  Missions  ••  Only  $19.95  each  !! 
Apollo  / Shuttle  Press  Kits  & Flight  Plans  available!! 
STS  29  Press  Kit  (Info)  $10.00  FLIGHT  PLAN  $20.00 
AVD  767  St.  Michaels  Dr.  Mitchellville.  MD  20716 


COMPUTERS  & SOFTWARE 


The  unique  Howington  Orrery  has  arrived.  A 
planetarium  for  PC  compatibles.  Observe  planet 
orbits,  flights  of  both  Voyagers,  and  Halley’s  comet. 
You  control  time,  speed  and  size  of  your  own  little 
universe.  Send  $29.95  (CA  add  1.95  tax)  to:  LOGIX 
DEVELOPMENT  CORP,  17149  Chatsworth  #208, 
Granada  Hills,  CA  91344  (818)  360-8147 


SCIENTIFIC  SOFTWARE  E&i 

for  IBM,  APPLE  & COMMODORE 

- PUBLIC  DOMAIN  - Astronomy,  Earth  Science,  Geography,  Chemis- 
try, Math,  Physics,  Engineering,  Statistics,  Health,  Electricity  and 
more.  FREE  CATALOG  - Specify  IBM  or  Commodore.  $3.99  per  disk. 

- ASTROVIEW  - Planetarium  and  database.  (Commodore  64/128  or 
Apple  llc/lle  with  64k/80  columns)  $39.95 

- JOVIAN  SYSTEM  SIMULATOR  - A simulation  of  the  Galilean  Satel- 
lites of  Jupiter.  (IBM  & compatibles)  $24.95 

For  info  write:  Andromeda  Software  Inc. 

P.O.  Box  1361-F,  Williamsville,  NY  14231-1361 


Hundreds  of  IBM  PC  Shareware  and  public  domain 
programs.  2 disc  sampler,  $5  (shipping/handling). 
FREE  catalog  and  coupon.  SoftWareHouse,  PO  Box 
5111,  Phillipsburg,  NJ  08865-5111 

FREE  ASTRONOMY  SOFTWARE!  300+  programs 
and  databases.  From  NASA,  JPL,  space  industry 
and  academic  sources.  FREE  catalog.  State 
computer  type.  Send  SASE:  PC-ASTRONOMY  55 
Hillside  Road,  Sparta,  New  Jersey  07871 


TOYS  8t  GAMES 

SCIENCE  TOYS -Amazing!  Unusual!  Different!  Toys 
and  gifts  for  the  imagination.  Send  $1.00  for  catalog 
to:  COPERNICUS,  Dept  F 394  New  York  Ave, 
Huntington,  NY  11743 

HOBBIES  & KITS 


LASER  PHASERS  PLASMA 

Plasma  sabres,  tesla  coils,  anti  gravity,  see  in 
the  dark,  surveillance,  force  fields,  personal 
protection  etc.  and  many  others.  CATALOG 
of  plans,  parts,  kits  and  assemblies  send 
$1.00  to  Amazing  Concepts,  Dept  FF;  PO  Box 
716,  Amherst,  NH  03031. 


BOOKS  & PERIODICALS 


AUTHORS  WANTED  BY 
NEW  YORK  PUBLISHER 

Leading  subsidy  book  publisher  seeks  manuscripts 
of  all  types:  fiction,  non-fiction,  poetry,  scholarly 
and  juvenile  works,  etc.  New  authors  welcomed. 
Send  for  free,  illustrated  40-page  brochure  H-120 
Vantage  Press,  516  W.  34  St.,  New  York,  N.Y.  10001 


THE  EXTRATERRESTRIALS 
AND  THEIR  REALITY 
The  unmasking  of  the  ETs. 
Informative,  fascinating,  and 
controversial  revelations  as  reported 
by  witnesses  and  the  ETs  themselves.  100 

aid.  Check  or  money  order. 
135E,  Prescott,  AZ  86302. 


pgs.  $10.00 
JACO,  P.O. 


0 postpn 
. Box  31 


PUBLISH  YOUR  BOOK!  Join  our  successful 
authors.  All  subjects  invited.  Publicity,  advertising, 
beautiful  books.  Send  for  fact-filled  booklet  and  free 
manuscript  report.  Carlton  Press,  Dept.  FFB11  West 
32  Street,  New  York  10001 
Final  Frontier  In  Your  Store!  Add  your  name  to  the 
growing  list  of  profit-making  merchants  selling 
FINAL  FRONTIER!  Across  the  country,  Plane- 
tariums,  Museums,  Science  Stores  and  more  are 
making  money  selling  FINAL  FRONTIER.  Why  not 
you?  Call  Mary  Welch  at  (612)  332-3001  for 
information. 


EDUCATION 


U.S.  SPACE  CAMP 

Register  now  for  a week-long  adventure  into  astro- 
naut training  and  simulated  Space  Shuttle  missions. 
Grades  4-6  for  U.S.  SPACE  CAMP  in  Alabama  and 
Florida.  Grades  7-12  for  U.S.  SPACE  ACADEMY- 
Write  U.S.  SPACE  CAMP  ’89,  Box  1680, 

Huntsville,  AL  35807,  or  call  toll-free 
1-800-63-SPACE,  in  Alabama  ' 

call  205-837-3400. 


PHOTOGRAPHS 


COLLECT  SPACE 


Photo  Credit  NASA 


Full-color  photographs 
from  the  Apollo  and 
Shuttle  missions 

• Spectacular  views 

• Sizes:  8 X 10,  11  X 14 
16  X 20 

• Reasonable  prices 

• Money-back  guarantee 

Send  for  FREE 
information 


SPACE  IMAGES 

P.O.  Box  58694-  H • Houston,  TX  77258  • 713/474-5762 


CLOTHING 


SPACE  & ASTRONOMY  DESIGNS 
ON  HEAVY-WEIGHT 
T-SHIRTS  + SWEATS 

CALL  OR  WRITE  FOR  FREE  CATALOG 

Caledonian  Graphics. 

Dept,  f, 

PO  Box  875,  Zephyrhills.  PI.  34283. 

1-aaa-223-a607 
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TOURS 


SOVIET  SPACE  FACILITIES  TOURS 

May  28  - June  6 in  Moscow  and  Leningrad.  Tour 
Mission  Control.  Cosmonaut  Training  Center, 
Remote  Sensing  Lab.  Microgravity  Experimental 
Center,  and  Space  museums.  Meet  Cosmonauts 
and  space  officials.  Hear  status  reports  on  current 
and  future  projects.  Extras  include  Red  Square, 
Kremlin,  Bolshoi,  Hermitage,  Circus  and  more. 

CONTACT  AEROSPACE  MARKETING  GROUP, 

4131  Spicewood  Springs  Road.  Suite  G-4, 
Austin  , Texas  78759;  (512)  338-4800 


CALENDARS 


SPACE  SHUTTLE  COLLECTION  1990  CALENDAR 
(8 W x 11 V2").  Features:  14  spectacular  full-color 
NASA  photographs;  mission  patch  appears  on 
launch  date:  extra  photo  and  special  dedication. 
(Introductory  offer  $5.95  ppd.)  AMLA  Enterprises, 
PO  Box  542181.  Merritt  Island,  FL  32954-2181 


BUSINESS  OPPORTUNmES 

PERSONAL  COMPUTER  OWNERS  CAN  EARN 
$1000  to  $5000  monthly  selling  simple  services  part 
time.  Free  list  of  100  best  services.  A.I.M.D.M.,  Box 
60369,  San  Diego,  CA  92106 

Let  the  government  finance  your  new  or  existing 
small  business.  Grants/loans  to  $500,000  yearly. 
Free  recorded  message:  (707)  449-8600.  (LX8) 

GET  PAID  for  mailing  letters!  $200.00  daily.  Write: 
PAASE-SW6, 161  Lincolnway,  North  Aurora,  IL  60542 


PLANETARY  MAPS 


PLANETARY 

MAPS 

Explore  the  moons  and  planets  of  our  Solar  System 
with  planetary  maps  from  Exploration  USA.  Now 
available  are  maps  of  Mercury,  Venus,  the  Moon,  Mars 
and  several  of  the  moons  of  the  outer  planets:  Jupiter, 
Saturn  and  Uranus.  Besides  being  educational,  these 
maps  are  ideal  as  gifts,  or  for  display  at  home,  in  the 
office  or  in  the  classroom. 

For  a free  list  of  planetary  maps  write: 

Exploration  USA  Dept.  A 

P.O.  Box  5168  Laurel,  MD  20707 


APOLLO  11  ASTRONAUT 


SPACE  COLLECTIBLES 


COLLECTORS 

PATCHES  ■ TAGS  » DECALS  ■ ETC 


For  Catalog  Send  $2,00  To: 
Sky  Patch  Enterprises 
P.O.  Box  3339,  Dept.  F 
Lompoc,  CA  93438 


Qufakfe  USA  S3. 00  US  Currency 


SPACE  SHUTTLE  PROGRAM  exciting  NASA  color 
prints  collect  ion.  For  catalog  and  sample  send 
$150  to  SPACE  COLLECTION.  Box  701-S,  Cape 
Canaveral,  FL  32920 


Hangs  from  yo ur  ceiling 
Charges  with  any  light  in  seconds 
Glows  as  bright  as  the  night  sky! 

■ Easy  lo  assemble  • Educational 

* Approx  4 ft.  wide  » Ages  8 and  up 

• Safe  and  non-toxic  * 4 mil  dear  plastic 
Only  $24.95.  plus  $3.00  postage  & hand  ting 

Send  check  or  money  order  to: 
START  AfltUM 

P.O.  Box  19078,  Portland,  OR  97219 

Unconditional  30  day  g ua  ra  nie  e 
Stertarmm  >i  a feg-slered  trademark;  ol  Cooled  P 0. 


SPACE  PATCH  COLLECTORS!!  We  will  keep  your 
collection  growing  monthly.  Catalog  with  over  200 
patches  and  sample  newsletter  $1.00  (Refund- 
able) SPACE  PATCH  COLLECTORS  CLUB,  PG  Box 
17310,  Pittsburgh,  PA  15235 


METEORITES ! 

Rare  space  collectibles.  Irons.  Stones.  Stony* 
irons.Tekiites.  Space  jewelry,  books,  meial  detec- 
tors. Authenticity  guaranteed.  Catalog  $2 
Bethany  Trading  Go.  , ( lMr  _ 

P.O.  Box  3726-F  ,u  A fALllffO  ST  At ? f 
New  Haven.  CT  ,1^“  **  * 

06525  * (203)393-3395 


GEMINI  3's  "Molly  Brown'1  Raich  - Finally!  The  real 
version  ot  this  patch  collectors  have  been  waiting 
for.  Beautifully  reproduced  3.5  inch  emblem  avail- 
able in  limited  quantity  only  $5.00  each.  Also,  official 
crew  emblems  for  Shuttle  missions  STS-34,  33  & 32, 
only  $3  25  each  Coming  soon!  more  great  new 
space  pal  dies  - details  with  order  Remit  to:  EAGLE 
ONE  AEROSPACE,  PO.  Box  13726,  Chesapeake, 
Virginia  23325 


FREE  USSR  SPACE  DECALS!! 

Official  Glavkasmos  Designs 
Send  for  our  complete  Spate  Pin  l Patch  Cato  log 
including  EXCLUSIVE  Soviet  Official  Pins/Palthes/ 
NASA  30-yr  Collection  8,  get  3 FREE  INTERKOSMOS 
Insignia  decals.  CLOSING  OUT  final  Inventory 
of  many  Limited  Edition  NASA  Pins,  Postmark  any 
FIRST-TIME  Order  in  1989  and  receive  20%  DISCOUNT 
PLUS  - NEW  VEARS  BONUS!!  ^REE  with  ANY  order  from 
our  catalog  before  February-Soviet  INTERKOSMOS 
decal  SET.., PLUS  BURAN  EMBLEM! 

SPACECOM  INTERNATIONAL,  22653  Ptrcifk  Coast  Hwy  #1 17 
Malibu,  CA  90265 

Send  $2  for  inti  tala  log  dedudible  from  order. 


SHUTTLE  FORWARD  INSTRUMENT  PANEL/ 


POSTERS  (VT  x 35")  designed  for  defunct  space 
theme  park  near  KSC  Send  check  lor  SI 6.75 
c/o  RIO  BANANA  TRADING  COMPANY!  414  Skylark 
Bivd.,  Satellite  Beach,  FL  32937 


This  limited  anniversary  edition.  1:1 5 scale 
Apollo  usiroriAUi  Bird  moonscape  are  designed 
and  crofted  with  exacting  detail  then  numbered 
and  Signed  by  the  urti si, Available  in  four  finishes: 
bronze,  aluminium,  brass  and  handpainlcd. 
Astronaut  on  moon  scape- SI  05-190  .depending 
on  flni&h,  Moon3capc-529.95  ■+  10%  sh  ipping  on 
all  orders  .Write  or  call  for  more  informatjon  to; 
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SPACE  PATCHES.  The  Number  One  Space  Collect- 
able. Over  200  different  designs.  NASA,  ESA. 
USSR,  Canada,  Space  Probes,  Special  Projects, 
Mil H ary  Also  pictures,  tie  taes.  decals,  medallions, 
etc.  Illustrated  brochures.  $2.  (refundable).  SPACE- 
LAND,  PO  BOX  540775-E  Merritt  island.  FL  32954 


RATES  & REQUIREMENTS 

£55  minimum  tor  25  words  $1,75  each  additional  word 
10%  discount  4 prepaid  for  3 issues  (same  ad),  15%  dis- 
count prepaid  for  6 tssues.  Sox  or  blind  ad.  £10 
additional.  Payment  must  accompany  order.  Non- 
oommissionable.  Include  name,  address  £.  phone 
number  Advertising  accepted  at  sole  discretion  ol  pub- 
tisher 

DISPLAY  CLASSIFIEDS 

$110  per  column  inch,  one  time:  $95  per  column  inch,  3 
times;  $90  per  column  inch.  6 limes  Column  inch  is  2fA 
in.  wide  Please  design  height  in  whole  inches.  Display 
ads  can  be  designed  for  an  additional  charge. 

DEADLINE  & MAILING  INSTRUCTIONS 
Copy/mechanicals  must  be  received  60  days  prior  to 
publication  date  (i.e  May  i for  July/Aug.  issue).  Mail  copy 
or  materia  Is  with  payment  to:  FINAL  FRONTIER  MAGA- 
ZINE. Classified  Dept . 2400  Foshay  Tower.  Minneapolis, 
MN  55402.  For  further  informalion.  call  Stephen  Martin  at 
612-332-3001 


Increasing  interest  in 
astronomical  realism  has 
resulted  in  this  offering 
of  limited  edition 


signed  and  numbered 
fine  art  lithographs 


by  award  winning  fantasy 
and  astronomical  artist, 
Michael  Bates. 


State  of  the  art  laser 
scanning  techniques  and 
advanced  high  resolution 
color  printing  have  made 
possible  these  two  stunning 
new  views  in  space  art: 

STARHAVEN  - $20.00 
FAR  GIANT  - $28.00 


Printed  on  100  lb.  qual- 
ity stock,  each  image  is 
inspected  and  signed  by  the 
artist  to  insure  accuracy 
of  detail  and  color. 


Add  $4.00  shipping  up  to 
4 prints  to  same  address 

Master  Card,  Visa  & Am  Ex 
Florida  orders  add  6%  tax. 
Shipped  rolled 


Vantage  Points 

P.0.  Box  300241 
Fern  Park,  FL  32730 
(407)  682-8799 


FAR  GIANT 


STARHAVEN 


L 


15  x 22  Edition:  5000 


10"  x 22  Edition:  5000 


Copyright  1939  by  Michael  Bates 


Destinations 


O ftuMMiM  mce,  honi  tojhj  tt/mird 
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64  FINAL  FRONTIER 


Hear  the 
greatest 
show  over 
Earth. 

Eavesdrop  on  the  crew  of 
STS-31  as  Discovery 
launches  the  long-awaited 
Hubble  Space  Telescope. 
Call  Dial-A-Shuttle®  24 
hours  a day  from  two  hours 
before  launch  to  the  post 
landing  press  conference. 

Callers  will  hear  con- 
cise, informative  reports 
on  mission  status  and 
frequent  astronaut 
communications  that 
bring  the  space  program 
into  your  own  home  dur- 
ing this  very  important 
mission! 

Call  the  future  today. 

1-900-909-NASA 

$2.00  for  the  first  minute; 
45 < for  each  additional  minute. 

Sponsored  by: 

NATIONAL  SPACE  SOCIETY 
922  PENNSYLVANIA  AVE.,  S.E. 
WASHINGTON.  D.C.  20003-2140 
(202)  543-1900 


».* 


Born  of  Noble  Lineage 


Our  spacecraft  trace  their 
heritage  from  the  beginning 
of  NASA  through  today’s 
major  astrophysics  and  solar 
physics  programs. 

Explorer  VI  measured  the 
interaction  between  solar 
wind  and  the  earth’s  mag- 
netic field. 

Pioneer  5 mapped  the  inter- 
planetary magnetic  field. 
Then  came  six  Orbiting  Geo- 
physical Observatories  and 
solar  orbiting  Pioneers  6-9. 


Now  traveling  beyond  the 
solar  system,  17-year-old 
Pioneer  10  is  seeking  the 
boundary  between  the 
solar  atmosphere  and  inter- 
stellar gas. 

Three  High  Energy  Astron- 
omy Observatories  linked  us 
to  two  of  NASA's  Great 
Observatories:  the  Gamma 
Ray  Observatory  and  the 
Advanced  X-ray  Astrophys- 
ics Facility.  Both  will  collect 
information  that  should  help 
reveal  the  origins  and  the 
destiny  of  our  universe. 


A-  legacy  of  superior  scien- 
tific spacecraft. 


TRwr 

TRW  Space  & Technology 
Group 


